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EXECUTIVE SUMMARY 
 In order to have a proper regulation or an amendment enacted for a particular 
technology or its derived products (transgenic crops in this case), it is essential for policymakers, in my 
view, to have a proper understanding of contemporary scientific study pertaining to that technology or 
research area. Similarly, based on this perception, a review of scientific empirical data is deemed to be 
important to understand why the precautionary principle has been implemented in the regulatory 
process of transgenic crops in the EU. For this reason a comprehensive compilation of available and 
accessible scientific literature is provided, in the first portion of the project thesis, to have a review of 
the environmental impacts, of transgenic crops, both beneficial and detrimental. 
 In this project, the review for environmental impacts has been conducted in a peculiar 
way and an effort has been made to properly distribute available empirical data as outlined in the 
methodology of the project in order to comprehend impacts independently in terms of beneficial and 
detrimental. The objective is to weigh the potential of this technology against risks for policy and 
regulation purposes and to understand the precautionary principle/safety approach in the regulatory 
process at the EU level. 
 Two questions that might arise while reading this thesis are; what connection does the 
safety approach of regulation have to environmental impacts? Or how do the environmental impacts 
correlate to the safety approach in the regulation?  
I maintain that if the EU has taken the precautionary principle (safety approach) in the 
regulation of transgenic crops, there are two major reasons. Firstly, due to the analysis of the available 
empirical scientific research data that has been conducted worldwide on transgenic crops. For example, 
result of the well-known monarch butterfly experiments was an influencing factor for the regulation of 
transgenic crops in the EU. Moreover, the scientific data has determined the regulation of transgenics 
in the EU and the precautionary principle itself is an essential element in the regulation of novel 
technologies like genetic engineering. Since the scientific data is an important element to determine the 
safety approach in the case of transgenic crops, there is no doubt, whatsoever, in the correlation of the 
study of environmental impacts of transgenics to the safety or precautionary principle in regulating this 
technology. Secondly, due to the social and political conditions prevalent in the EU, e.g. the precaution 
that the public has adopted in the use of transgenic crops. 
 In this project thesis, the accessible and available data has been distributed in an unbiased 
manner to present an appropriate analysis for the environmental impacts and regulation of transgenic 
crops. 
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CHAPTER 1 
INTRODUCTION: 
 
1.1 BACKGROUND AND PRE-UNDERSTANDING: 
 Agriculture is strongly correlated to the environment. Agriculture has had direct and 
indirect impacts on the environment since man started cultivating crops around 8000-10,000 years ago. 
Advancement in science and technology in the 20th century has dramatically increased this interaction. 
Products of the Green Revolution, agricultural mechanization and other related factors have always 
been a concern to environmentalists and green non-governmental organizations. The shift in existing 
technologies to the contemporary agricultural biotechnology has increased the concerns pertaining to 
environmental management. Although increased agricultural efficiency has advanced steadily since the 
1960s after mechanization, the advent of genetically engineered (GE) crops has raised new questions 
about the broad ranging environmental impacts of food production from such technologies. 
 With the introduction of non-conventional techniques in agriculture, there has been a 
continuous ongoing debate in the European Union (EU) whether to continue with this technology or 
not, due to environmental and human health concerns. In this connection, the regulatory process for 
this technology is also of pivotal significance. Hence, there is a need to have an in-depth study of such 
environmental impacts, both that have been observed and that are potential. In this project analysis, an 
attempt is made to report the environmental impacts of transgenics from available literature. The focus 
of attention has been on environmental effects that can be traced to genetic engineering of crops rather 
than on the methods used in non-traditional agriculture. The evolutionary process of policy 
implementation or contemporary regulation of transgenics itself has not been studied or analysed, 
conversely, the methods by which the EU and its member states have adopted the precautionary 
principle, in the regulatory process, has been included. 
 Regulation of agricultural biotechnology plays a pivotal role in the future development of 
such technologies. The ‘precautionary principle’ or also called ‘safety approach’ of regulating 
agricultural biotechnology also needs to be given due consideration. For, agricultural practices are a 
source of interaction with the environment and their products, crops, are a source of food for humans. 
 Is there a need to genetically modify crops and how do such crops have impacts on the 
environment? This question comes to our mind whenever we hear of transgenic crops – crops that have 
been genetically altered for different traits. To answer and understand this question, it is necessary to 
have an insight of ‘evolution and revolutions’ in plant breeding and genetics. 
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 Evolutionary crop genetics shows that farmers, since antiquity, have been practising 
conventional selective breeding. This was in fact natural hybridisation of crops. Since this was normal inter 
homo-species selection, it did not show a lot of concerns to the environment, although the genes were 
manipulated by conventional techniques of plant breeding. Hence they have been altering the allelic 
makeup of the crops they grow, the objective being to grow crops having specific desirable traits such 
as faster growth, larger seeds, sweeter fruits etc. Human selection for desirable characteristics has 
dramatically changed domesticated plant species compared to their wild relatives. Bred so intensely for 
hundreds of years, most crops cannot survive without human intervention. The selection of a crop was 
totally dependent on the phenotypic appearance. The ultimate objective that has remained is to have 
improved yields bringing the benefits of better food. Remarkably, people who lacked an understanding 
of the scientific basis of plant breeding developed many of our modern crops. In the due course of 
time, changes were brought to the selective breeding practices that were a result of the major 
revolutions in the science of plant genetics.  
 The first revolution of advances in genetics took place in the late 19th century when 
Gregor Mendel (1822-1884), also known as the Father of Genetics, worked on pea plants and 
presented his theories of heredity. This revolution was surprisingly not revealed until the early years of 
the 20th century. During the first half of the 20th century, studies were devoted to explore this new 
emerging science in biology. Another major breakthrough took place when in 1953 Watson and Crick 
discovered the structure of the DNA helix. This was the second revolution of advances and ushered in 
a new era in the science of genetics. 
 With development in research, scientists realized that genes, which are the basic structures 
of heredity and variation, were responsible for the phenotypic appearance of all the desired traits in any 
particular agricultural crop. Hence efforts have been diverted, since then, to identify genes of interest 
and utilize them for different desirable traits in crops. Conventional breeding involves sorting through 
many progeny for the desired characteristics. Non-conventional breeding requires one or few of the 
genes to be introduced into the genome of the offspring.  
 Since the advent of recombinant DNA technology (rDNA technology), one of the techniques 
of non conventional breeding that resulted due to the discovery of the DNA helix, there has been 
manifold progress in the science of genetics. Man realized that micro organisms e.g. bacteria can be 
used as a medium for recombining DNA. rDNA technology is also called genetic engineering (GE). This 
technique is primarily used in agricultural crops, fruits and vegetables under the umbrella of Plant 
Biotechnology. Transgenic crops (TCs), also called genetically modified crops (GMCs), are the main products of 
agricultural biotechnology. The major application and product of genetic engineering to agriculture is 
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transgenic crops. Genetic engineering technology (GET) is one of the most benign and beneficial 
technologies to agriculture. 
 GET has dramatically reduced the time required for the development of new commercial 
varieties of crops. GET is rapidly replacing traditional plant breeding programs and has become the 
mainstay of agricultural crop improvement. However, till date little ecological research has been 
devoted to determining the interaction of these plants with their environments and their effects on 
natural biota. 
 Plant transformation has had a deep impact on several aspects of basic and applied 
research. With the advent of GE, management practices have also been influenced. Previously, crops 
were protected against insect pests and diseases by a combination of management practices. These 
cultural management practices include use of biological (i.e. Bt) and chemical pesticides, biological 
controls (i.e. Trichogramma, Diadegma, and other beneficial insects that prey on pests), cultivation, 
rouging or removal of infected plants, rotations, adjustments in time of planting, and selecting specific 
crop variety that resist these pests. GE makes possible the introduction of new traits into plants. 
Genetic transformation has offered new opportunities compared to traditional breeding practises since 
it allows the integration into a host genome of specific sequences.  
 In general, early agricultural biotechnology was devoted to pesticide resistance while the 
recent plant engineering programs are aimed at increasing food quality, in particular at increasing 
nutritional characteristics of food crops. Research in agricultural biotechnology has primarily developed 
transgenic crops of desired traits for three major purposes/objectives: 
 
• Pest Management/Crop Protection: 
These crops include herbicide resistant crops (HRCs) and insect resistant crops (Bt crops). 
• Increased Nutritional Value: 
Certain crops have been genetically engineered for product quality or agronomic properties, for 
example, they have increased nutritional value or mineral contents like recently introduced Golden Rice 
or properties of harvesting, appearance, taste, shelf life, and nutritional or processing characteristics of 
plants like engineered tomatoes 
• Increased Yield: 
Crops are engineered for higher yield. GE viruses (insecticidal baculoviruses), bacteria (nitrogen-fixing 
bacteria) and even fungi (mycorrhizal fungi) have been used to improve yields of cultivated plants. 
 In addition to these, there are other objectives e.g. disease resistance, stress tolerance, 
drought tolerance etc. The most dominant objective of these in contemporary agricultural 
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biotechnology is crop protection/pest management. To achieve this purpose, herbicide resistance and 
insect resistance traits have featured this technology. Hence these two traits are incorporated into crops 
via GE. The question arises, are both of these types of GE crops really needed to address the problems 
they are designed to solve? If yes, then on the contrary, these crops tend to reduce the pest 
management (that includes management techniques for both weed and insect populations) options 
already available to farmers e.g., rotations (rotations suppress insects, weeds, and diseases by effectively 
breaking the life cycles of these pests), polycultures, cover crops, biological control, etc.  
 As requirements and demands change in the developing world of agriculture, so does 
plant breeding. Currently demands for better yields of crops, disease resistance and various genetic and 
agronomic traits are the challenges the agricultural world is faced with due to increase in the world 
population. Although the tools differ in conventional and non-conventional plant breeding techniques, 
the goal remains the same – to cultivate desirable traits. Plant breeding was once restricted to sexually 
compatible plants, and generations of offspring were selectively bred to create unique varieties. In fact, 
maize, rice and wheat that are today's global crop staples would not exist without such techniques. 
Now, novel technologies have allowed incorporation of incompatible species that was never possible 
before.  
 GE crops were first planted on commercial basis in 1996. After eight years of GM crop 
production and no apparent health effects and observed or/and potential environmental impacts/risks, 
currently expansion and rapid development of agricultural biotechnology is taking place. But on the 
other hand, knowledge is always gained from past experiences. HRCs and Bt crops, prepared for the 
trait of crop protection, are intended to help farmers reduce not only the impact of pests, but also the 
use of agrochemicals in modern crop production – a legacy of the Green Revolution. Many previous 
technologies have proved to have adverse effects unexpected by their developers. DDT, for example, 
turned out to accumulate in fish and thin shells of fish-eating birds like eagles and ospreys. And 
chlorofluorocarbons turned out to float into the upper atmosphere and destroy ozone, a chemical that 
shields the earth from dangerous ultraviolet radiation. Although these technologies brought 
revolutionary development in agriculture and industries, yet after indiscriminate use they have now 
proved to be major contributing factors responsible for the rapid deterioration of our environment and 
human health. The European Environment Agency (EEA) published ‘Environmental Report 22 – Late 
Lessons from Early Warnings: The Precautionary Principle 1896 – 2000’. This report mentions a 
number of different hazards that have been responsible for the environmental deterioration during the 
20th century. The emphasis of the report is to see the regulation of these hazards from the 
precautionary point of view. In a similar context, one can ask: 
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1) What harmful effects might turn out to be associated with the use or release of 
genetically engineered organisms? This is a question that cannot be properly answered due to the lack 
of current knowledge in terms of impacts on the environment. 
 2) Why is there so much concern around the world about GM crops? Biotechnology is 
used to introduce genes into various plants that are sources of food and food components. Worldwide, 
almost 90% of the human food supply is provided by only 15 crop species and 8 livestock species, 
small numbers when compared with the millions of species inhabiting our biosphere. The basic reason 
for such a concern is that crops are a source of food to humans. Any wrong step in agriculture could 
lead to devastating consequences like famine, as the maximum possibility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 10
CHAPTER 2 
 
SCIENTIFIC RESEARCH PROBLEM FORMULATION 
 
In 1953, the discovery of the structure of the DNA helix by Watson and Crick brought 
revolutionary changes and ushered in a new era in the science of genetics. As development in this field 
took place later, novel techniques were introduced in agriculture for the selection of crops and their 
desired characteristics. In conventional crop breeding, there were limitations of cross species breeding. 
This has now been overcome due to the introduction of these non-conventional techniques in crop 
breeding (such as GE), under the umbrella of crop biotechnology resulting in transgenic crops. Since 
GE enables scientists to create crop plants by manipulating genes in a way that does not occur naturally 
in the environment, GE crops cannot be recalled once released into the environment. On one hand 
this science seems to have a potential for development in research and production of crops for the 
betterment of mankind but on the other, the introduction of GE organisms into the complex 
ecosystems of our environment may be a dangerous global experiment with nature and evolution. 
At the same time in the last couple of decades of the 20th century and at the turn of the 
21st century, the interaction of crop biotechnology and environment has expanded to a greater extent. 
This has been seen as a challenge due to the mass production of transgenic crops and research 
conducted on them. Although research of transgenic crops is progressing, yet at the same time the 
regulation of these crops plays a pivotal role in their release into the environment and commercial 
production. Hence various social aspects have to be taken also into consideration. Public awareness and 
participation is a strong factor in the regulation of transgenic crops. I think consumers have the right to 
know if food is genetically engineered, both as a matter of taste and preference and for important 
health related reasons. 
I maintain that there is a need to understand whether the interaction of transgenic crops 
(TCs) and the environment is beneficial or harmful and to what extent? The argument for this is that 
agricultural biotechnology is rapidly developing in the contemporary world and without knowing 
properly its impacts on the environment and human health; it would be a dangerous experiment with 
nature that might lead to unpredictable and uncontrolled consequences. This has happened before with 
several new technologies that are common today. Examples to support this argument are presented in 
Chapter 4. Therefore, the proposed main working questions for this project are: 
o What are the observed and potential environmental impacts of the release of transgenic crops? 
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Note: the words 1) ‘impacts’ encompasses both beneficial and detrimental effects, 2) ‘release’ 
includes both scientific field scale experiments and commercial production. 
o How has the EU taken into consideration the precautionary principle in the regulatory process 
of the release of transgenic crops for environmental safety? 
 
This project addresses these two scientific problem formulation questions. The objective 
being: 
• to gain knowledge in this particular area of scientific research, 
• to review and analyse the observed and potential environmental impacts of TCs, and 
• to study the methods/sources (policies, planning and regulation) that the EU and its 
member states have adopted for the precautionary principle/safety approach of TCs. 
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CHAPTER 3 
METHODOLOGY: 
 
3.1 GENERAL APPROACH: 
 
The approach to this analysis is to: 
 
? Study and review, in general, the environmental impacts of transgenic crops 
? Differentiate these impacts in terms of observed and potential ones 
? Classify these impacts as beneficial and detrimental 
? Study and review, a particular case-study of a transgenic crop for environmental impacts 
? Study and review EU regulation and policies of transgenics from the precautionary principle 
point of view 
? Compare, contrast and analyze both sets of findings in order to draw a conclusion 
 
3.2 SCOPE: 
 
The scope of data is separate for the environmental impacts and regulation. The scope of 
environmental impacts covers review of scientific empirical data at the global level. That of 
environmental policy implementation, pertaining to GM crops, is limited to the EU central regulation, 
as it is a case study approach. This scope delineation is based on several factors: 
 
• There exists a comparatively large body of data, both statistical and qualitative, elaborating 
environmental impacts of transgenic crops that have been cultivated at the commercial scale 
and experimented at the laboratory level around the globe, although very few countries have 
accepted this novel technology. Therefore, an analysis of this data is possible. 
• The EU shares a common biotech policy on the release of GMOs into the environment 
• The EU and member states have taken initiatives to consider the precautionary principle in the 
regulatory process of TCs 
• An analysis can be conducted in light of the overall EU safety approach policy for TCs 
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3.3 RESEARCH METHODS: 
 
The approach of relevant data collection, both statistical and qualitative, for this project thesis has been 
relied exclusively to secondary-research. This included search for required relevant data from different 
sources that are: 
• Books and articles 
• International electronic journals available at Roskilde University’s Library 
• Internet resources of governmental and non-governmental organizations 
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CHAPTER 4 
TRANSGENIC CROPS – ENVIRONMENTAL IMPACTS 
 
4.1 TRANSGENIC CROPS, AGRICULTURE AND ENVIRONMENT 
 
 This chapter answers the first question of the problem formulation, ‘What are the 
observed and potential environmental impacts of release of transgenic crops?’ 
 The term ‘environment’ possesses a very broad periphery. This study includes impacts of 
transgenic crops on all dimensions of our environment and is not confined to any particular 
fraction/sector. Hence various environmental impacts of those agricultural crops that have been 
genetically modified via agricultural biotechnology are part of this study. Emphasis has been given to 
determining in how many ways the interactions take place between the environment and transgenic 
crops. 
How do transgenic crops differ from conventional crops? 
 Since the project thesis studies transgenic crops and their environmental impacts, a basic 
introduction is given to what transgenic crops are. A transgenic crop plant contains a gene or genes that 
have been artificially inserted instead of the plant acquiring them through pollination (normal crop 
breeding). The inserted gene sequence, known as the transgene, may come from another unrelated plant, 
or from a completely different species: transgenic Golden Rice, for example, which produces its own 
beta carotene, a substance that the human body can convert into vitamin A, contains a gene from 
daffodils. Plants containing transgenes are often called genetically modified or GM crops although in reality 
all crops have been genetically modified from their original wild state by domestication, selection and 
controlled breeding over long periods of time as mentioned earlier. 
 To transform a plant into a transgenic plant for a desirable trait, GE has to be applied. 
GE works primarily through insertion of genetic material usually from unprecedented sources i.e. 
genetic material from species, families, and even kingdoms that could not previously be sources of 
genetic material for a particular species. GE refers to a set of technologies that are used to change the 
genetic makeup of cells and move genes across species boundaries to produce novel organisms. For plant 
transformation GE includes techniques like rDNA, use of Agrobacterium tumefaciens, particle 
bombardment, microinjection via gene gun and others. These techniques involve highly sophisticated 
manipulations of genetic material and use of other biologically important chemicals. For 
transformation, the gene that produces a genetic trait of interest is identified and separated from the 
 15
rest of the genetic material from a donor organism. A donor organism may be a bacterium, fungus or 
even another plant. Most organisms have thousands of genes; a single gene represents only a tiny 
fraction of the total genetic makeup of an organism. The gene of interest depending on the particular 
trait of expression after identification is isolated and then replicated in living micro-organisms primarily 
bacteria that act as a production factory. At the molecular level, these genes are cut and added with 
special enzymes called restriction endonucleases and ligases respectively. Transgenic plants typically 
possess a marker gene (resistance, antibiotic or herbicide) and genes coding for the expression of one 
or more desirable traits. The objective of using marker assistance breeding is to determine if the 
required genes have been expressed phenotypically in a crop. The traits that are most readily 
manipulated using recombinant DNA techniques are those controlled by a single, well-characterized 
gene. The coding region of the foreign gene is fused to a promoter, usually the 35S promoter from 
cauliflower mosaic virus, to achieve high levels of expression. 
 How are tools of agricultural biotechnology, e.g. GE, different from conventional crop 
breeding procedures? GE techniques are substantively different from conventional breeding methods. 
Conventional breeding and biotechnology both depend on moving genes around to produce a plant 
with desired traits. Distinctions about the source of the genes or the manner of moving them are totally 
different. Only the results of such efforts are meaningful or relevant. Plant breeders try to assemble a 
combination of genes in a crop plant that will make it as useful and productive as possible. For this 
purpose there are different crop breeding practices, e.g. backcross, that have been developed after many 
years of crop breeding. Depending on where and for what purpose the crop is grown, desirable genes 
may provide traits such as higher yield or improved quality, pest or disease resistance, or tolerance to 
heat, cold and drought. Combining the best genes in one crop is a long and difficult process especially 
as traditional plant breeding has been limited to artificially crossing plants within the same species or 
with closely related species to bring different genes together. For example, a gene for protein in tobacco 
could not be transferred to a completely different crop such as maize using traditional techniques. 
Transgenic technology enables plant breeders to combine in one crop useful genes from a wide range of 
living sources, not just from within the crop species or from closely related plants. This novel 
technology identifies and isolates genes controlling specific characteristics in one kind of organism, and 
for moving copies of those genes into another quite different organism, which will then also have those 
phenotypic characteristics based on the new genotype. This powerful tool of agricultural biotechnology 
enables plant breeders to do what they have been doing – generating more useful and productive crop 
varieties containing new combinations of genes – but it expands the possibilities beyond the limitations 
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imposed by traditional cross-pollination and selection techniques. Transgenic technology is precise and 
fast where new combinations of genetic material are created artificially. 
 The introduction of various techniques of GE established a concept of ‘horizontal gene 
transfer’, though it is important to know that this is a process existing naturally in microbes. In 
conventional breeding, within species, the normal mechanism of transfer of genes is termed as ‘vertical 
transfer’. However, different techniques in crop biotechnology allow ‘horizontal transfer’ of genes 
across species. Although recently discovered, horizontal transfer of genes across species has been 
occurring naturally for millennia. Therefore, it is a natural process. For example, one of the techniques 
that scientists use to create transgenic plants is to splice new genes into a naturally occurring soil 
bacterium called Agrobacterium tumefaciens. This is especially useful, because A. tumefaciens is known to 
readily insert genes into the DNA of live plants, a naturally occurring case of horizontal gene transfer. 
Hence this process has been utilized in the science of genetics to plant pathogen control and has 
proved to be effective. In 1988 a genetically engineered bacterial strain, K1026, of Agrobacterium 
radiobacter (Jones and Kerr, 1989) was released commercially to control crown gall (A.. tumefaciens) 
disease of stone fruit trees (e.g., peach, cherry, and almond) in Australia (Kerr, 1991).1 This 
recombinant organism was the first to be released for commercial use in agriculture for as a method of 
biological control to disease, and so far it has proven highly effective.  
 In summary, GE clearly differs from conventional breeding. Conventional breeding relies 
primarily on selection of entire organisms, using the natural process of sexual and/or asexual 
reproduction between a species or within closely related species/genera, while GE utilizes a process of 
insertion of genes, through rDNA technology that do not occur naturally. Biotechnologists can insert 
genetic material from any life form into any other, thus creating novel organisms with which there is no 
evolutionary experience. 
  
4.1.1 Paradigm of GE: 
The paradigm of GE, a result of the agricultural biotechnology revolution, refers in a 
similar way to the paradigm of pesticides, a result of the Green Revolution of the 20th century. Farming 
practices, during that period, included indiscriminate application of pesticides as a result of which 
insects developed resistance against them. Hence appropriate use of such GE crops is important to 
monitor impacts on the environment. Transgenic plants of the GE paradigm that produce their own 
insecticides closely follow the pesticide paradigm. It is believed due to evolutionary studies in genetics 
that the pesticide paradigm itself is rapidly failing due to pest resistance to insecticides. The notion 
regarding the paradigm of genetic modification for resistance is the same as the paradigm of pesticides. 
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Based on the fact that more than 500 species of pests have already evolved resistance to conventional 
insecticides, pests can also evolve resistance to Bt toxins present in transgenic crops. Susceptibility to Bt 
toxins can therefore be viewed as a natural resource that could be quickly depleted by inappropriate use 
of Bt crops2. 
In this section of the chapter since interaction of TCs (HRCs and Bt crops), environment 
and agriculture is studied, it is essential to provide a background of Bt crops in order to understand the 
impacts in the proceeding chapters. 
 
4.1.2 Background to Bt: 
Bt, short for Bacillus thuringiensis, is a bacterium that exists naturally in the soil of every 
continent and produces its own insecticidal protein. A Japanese bacteriologist in 1901, S. Ishiwata 
discovered this property of production of insecticidal protein but failed to make a formal description of 
it. A decade later, a German, Ernst Berliner isolated the organism in the Thuringia region of Germany 
and hence named it after the place as Bacillus thuringiensis. Organic farmers have used the Bt protein and 
bacteria safely since 1950s worldwide as a biological insecticide. The number of Bt varieties varies. A 
worldwide survey carried out in 1987 found some 72 new varieties of Bt, making a total of 96 known 
varieties3. 
 
4.1.3 How Bt works: 
The use of Bt to control insect pests is not new. What is new in Bt crops is that an 
engineered version of the bacterial called ‘cry gene’, a crystal (cry) protein toxin, has been incorporated 
into the DNA of crops, so that the crop’s cellular system produces the toxin. Bacillus thuringiensis 
produces several cry protein toxins that destroy the digestive gut of invading pests. Different versions 
of the cry genes, also known as ‘Bt genes’, have been identified. The insecticidal proteins are commonly 
designated as cry proteins and the genes encoding the proteins are known as cry genes (Lambert and 
Peferoen, 1992). So far, over 50 cry genes have been identified and found to affect insect orders 
differently. In the insect gut the protein disintegrates to release a toxin, known as a delta-endotoxin. 
This toxin binds to and creates pores in the insect intestinal lining, resulting in ion imbalance, paralysis 
of the digestive system, and after a few days, death. In order for the Bt endotoxin to be effective, the 
insect must ingest it (Webber, 1995) before it is broken down by environmental factors such as 
ultraviolet light. One benefit of GE Bt crops, e.g. Bt corn, is that the insecticidal protein has been 
incorporated into the plant, limiting environmental exposure. 
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The effect of the toxic on the targeted pests depends on the type of protein that is 
expressed in the Bt. These toxins are effective against different orders of insects, or affect the insect gut 
in slightly different ways. Various strains of toxins act against different insects. Bt is lethal to specific 
insects mites, nematodes, flatworms, or protozoans (Fietelson et al., 1992). The membrane of epithelial 
cells of insects’ midgut has specific receptors that determine the impact of Bt toxin. Hence one strain 
of toxin would have impact on a particular type of insect that has receptors, which are susceptible to 
this specific strain. Thus, a single cry transgene will protect the plant from only a limited number of 
pest species. This specificity can be viewed as an asset or a drawback, depending on which insects cause 
damage to a particular crop. To control a wider range of species, several different cry transgenes can be 
inserted into the plant’s genome (Bosch et al., 1994, van der Salm et al., 1994). 
 
4.1.4 Bt During and After the Green Revolution: 
Due to its prevalent natural toxicity to insects and pests, farmers in most parts of the 
world started using Bt widely in conventional insecticides as Bt sprays for pest control in the 1960s for 
crops and when necessary against the insect pests of many vegetables and fruits. However, the main 
limitation with Bt sprays was their inability to tackle insects that bore inside plants. Hence a need was 
seen to device a mechanism to target pests that bore internally into plants. For this purpose, research 
was devoted to genetic modification of crops in order to achieve this objective where Bt genes were 
incorporated into plants so that the whole plant became poisonous and the insects that bore inside 
plants would no longer be safe. As result of this technology, the industry claimed that there would be 
no more need for farmers to spray their fields with insecticides. At the same time one advantage of Bt 
based insecticides and GE Bt is that they are safe for mammals and birds. 
 
4.1.5 Cultivation of TCs: 
 Agricultural cultivation patterns with TCs have increased in the last couple of decades. 
Worldwide, the areas planted to transgenic crops jumped more than twenty-fold in the past six years, 
from 3 million hectares in 1996 to nearly 44.2 million hectares in 20004. But recently, International 
Service for the Acquisition of Agri-Biotech Applications (ISAAA) has published the new cultivation 
patterns of TCs till 2003. According to the report, ‘During the eight-year period 1996 to 2003, global 
area of transgenic crops increased 40 fold, from 1.7 million hectares in 1996 to 67.7 million hectares in 
2003, with an increasing proportion grown by developing countries. Almost one-third (30%) of the 
global transgenic crop area of 67.7 million hectares in 2003, equivalent to over 20 million hectares, was 
grown in developing countries where growth continued to be strong. It is noteworthy that the absolute 
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growth in GM crop area between 2002 and 2003 was almost the same in developing countries (4.4 
million hectares) and industrial countries (4.6 million hectares), with the percentage growth more than 
twice as high (28%) in the developing countries of the South compared with the industrial countries of 
the North (11%)5’. 
 Major research, development and commercialization of GE crops have taken place in few 
countries around the world. In the US two types of traits, herbicide tolerance (HT) and insect resistance 
(Bt) have been engineered into four commodity crops (corn, cotton, soybeans, and canola). As of 1996, 
several transgenic crop plants have already been approved for commercial release in the United States, 
including disease-resistant squash, herbicide-resistant soybean, and insect-resistant potato and cotton. 
The following tables/figures show the traits, crop production of TCs around the world: 
 
Table 1: Worldwide Production Area of Transgenic Crops and Traits in 1999 
 
Crop Area planted in 1999 (millions of acres) 
Soybean 53.4 
Corn 27.4 
Cotton 9.1 
Canola 8.4 
Potato 0.3 
Squash 0.3 
Papaya 0.3 
  
  
Trait Area planted in 1999 (millions of acres) 
Herbicide tolerance 69.4 
Bt insect resistance 22.0 
Bt + herbicide tolerance 7.2 
Virus resistance 0.3 
 
Source: Science 1999, 286:1663 
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Figure 1: Global Adoption of Transgenic Crops and Percent Acreage, 1999 – 2001. Soybean is the most 
widely adopted GM crop around the world followed by cotton, canola and corn. 
Source: James, C. 2001, Global review of commercialized transgenic crops: ISAAA. Ithaca, NY. 
http://www.isaaa.org 
(ISAAA stands for International Service for the Acquisition of Agri-Biotech Applications) 
 
 
 
Figure 2: The most important transgenic crop planted in terms of acreage is soybean, followed by corn, 
cotton and canola. The numbers of acres for each crop are given in figure 2. 
Source: James, C. 2002, Global status of commercialized transgenic crops: 2002. ISAAA: Ithaca, NY. 
http://www.isaaa.org 
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Figure 3: Adoption of transgenic crops in the United States has been far greater than in many other 
countries. Figure 3 shows the acreage of transgenic crops in the United States from 1996 to 2003: 
Source: James, C. ISAAA, http://www.isaaa.org 
 
 
 
 
 
Figure 4: Global Area of TCs in Industrial and Developing Countries, 1996 – 2003:  
Source: Clive James, (2003) Executive Summary, Preview, Global Status of Commercialized Transgenic 
Crops: 2003, ISAAA 
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Figure 5: 18 GM Crop Countries Map and Global Area of TCs in Industrial and Developing 
Countries, 1996 – 2003:  
 
Source: Clive James, (2003) Executive Summary, Preview, Global Status of Commercialized Transgenic 
Crops: 2003, ISAAA 
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Figure 5: 18 GM Crop Countries in 2003, showing total acreage and types of TCs grown: 
 
Source: Clive James, (2003) Executive Summary, Preview, Global Status of Commercialized Transgenic 
Crops: 2003, ISAAA 
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4.2 STUDY OF ENVIRONMENTAL IMPACTS 
 Everything in life has its advantages and risks, and modifying genetic makeup is no 
exception. A lot has been said about potential risks of GET, but so far there is little evidence from 
scientific studies and literature available that these risks are real and pose a threat. For this purpose, on 
one hand previous studies have been dedicated to learning and understanding various environmental 
impacts of GE crops. On the other, current ongoing studies are also being conducted for the same 
objective. In recent years GM crops have been grown for research and development purposes at a 
number of sites. One example to cite here has been the Farm Scale Evaluation (FSE) GM crop trials 
conducted in various locations in UK.  
 
4.2.1 Genetic Modification Testing in UK: 
 These experiments were carried out as part of the Genetic Modification Testing/Debate 
commonly known as GM Nation. The public debate took place in June 2003 for the future use of GM 
crops in the UK. This was the first nationwide public discussion around GM issues in UK. Meetings 
were organised across the country by local authorities and network groups. The journal Philosophical 
Transactions of the Royal Society: Biological Sciences, in eight lengthy papers, had reported the 
outcome of the £6m three-year study conducted in some 60 sites across Britain6. Later a UK 
government advisory committee, called Advisory Committee on Releases to the Environment (ACRE) 
issued a report to the Government following the results of the GM field-scale evaluations. This report 
of the GM crop farm-scale evaluations was published on 16th October 2003. 
 Due to the fact that GM Nation is the biggest environmental-impact study of genetically 
modified crops conducted anywhere in the world7, it has been included in this study. It includes field 
trials on three biotech crops, public debate on the results and impact of the results on the biotech 
policy. The thorough work addressing the effects of GM crops has injected some rationality into the 
debate. There has been an ongoing debate in UK after the results of the trials for GMOs were 
reported. This has been a part of the government sponsored GM Nation. There was constant 
opposition from various environmental groups like the Greenpeace, which criticized the scope of the 
trials and dismissed them. But the fact remains the same that these were unprecedented environmental 
studies of transgenics. 
 Extracts of ACRE’s report are included in this section of the report. As part of the whole 
project the GM crop farm-scale evaluations were a four-year programme of ecological research by 
independent researchers in UK, to assess the impact of the production of genetically engineered 
herbicide tolerant crops on farmland wildlife, when compared with weed control used with non-GM 
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crops. Field scale evaluations of three herbicide-tolerant genetically engineered crops – maize, beet and 
spring oilseed rape (canola) – were conducted over a three-year period. Trials on a fourth crop – winter 
oilseed rape – have recently been concluded and will be the subject of a report expected in 20048. The 
trials involved the production of the GE herbicide tolerant varieties and their conventionally produced 
equivalents. Crops were managed by standard protocols, with researchers conducting comparative 
studies to assess the effects of the management of the GE crops on ecological groups such insects and 
weeds9. 
 Since the study was taken in a comparative style for conventional and non-conventional 
crops, as part of the findings, it was found that there were differences in wildlife populations between 
GE crop fields and the conventional crop fields, mentioned later. The differences resulted from the 
manner in which the crops were managed, not from the fact that they were developed through GE 
technologies. It was also observed that herbicide tolerant crops give farmers new weed control options 
that ultimately affect wildlife populations. In general, it was found that insect populations and weed 
populations were closely related – the more weeds in a field, the more insects there were10. 
 Critics of these trials have raised general concerns for HRCs and Bt crops. Due to 
resistance introduced genetically into crops against herbicides, it is envisaged that the use of such 
chemicals would be intensified. The report indicates that herbicide tolerance enables the use of fewer 
types of herbicides (reducing usually to one) and reduces the number of applications needed. This 
contributes to the overall reduction and hence the herbicides will have much shorter ‘half lives’. 
Experiments during these UK trials in the farms have revealed that fewer, higher concentrations of the 
resisted herbicide are possible without damaging the crop. Most current concerns regarding Bt crops 
relates to the introduction of toxic genes allowing the plants to produce its own biological insecticides. 
In a similar manner to HRCs, in relation to overall reduction of agrochemicals, the use of Bt crops, of 
course, directly reduces the need for applied synthetic chemical pesticides. The findings of the field-
based experiments have addressed the ecological impacts of insect resistant plants and identification of 
any possible unintended side effects on non-target organisms requires a case-by-case approach. Impacts 
of this study are categorized into 
a) Scientific Field Scale Impacts 
b) Commercial Production Impacts  
 
 The small-scale field UK trials have provided basic ecologically relevant information. The 
tests conducted in UK, have illustrated the extent to which transgenes have expressed their intended 
effects phenotypically and whether the transgenic traits have yielded desired characteristics. This 
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information was analysed in a comparative manner, in the published report, to foresee impacts on the 
environment if commercial production takes place in the future. However, on the other hand anti 
biotech campaigners have raised questions on the provision of data of the tests, which they believe is 
incomplete in the assessments of environmental impacts. 
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4.3 GENERALIZED STUDY ON IMPACTS OF TRANSGENICS 
ON THE ENVIRONMENT  
 
 After a comprehensive review and study of the worldwide available literature, related to 
transgenics and their impacts on the environment, I have, according to the methodology of this project, 
categorized impacts of transgenics on the environment primarily into two divisions. 
• First those impacts that have been observed through experiments, either at the laboratory or 
field level, 
•  Second those that are considered as potential impacts, with the possibility of being expressed in 
the future.  
 It should be noted here, as also mentioned in Chapter 2 (the problem formulation) that 
the term impact encompasses ‘both positive and negative effects’ of transgenics on the environment. In 
order to properly comprehend the impacts, this section of the Chapter, reviews and studies observed 
and potential impacts separately and focuses on the known/observed effects of herbicide resistant 
crops (HRCs) and insect resistant crops (Bt). 
 
4.4 OBSERVED IMPACTS IN GENERAL 
 
4.4.1 BENEFICIAL OBSERVED IMPACTS IN GENERAL: 
This section would refer to those observed impacts of transgenics that are reported 
beneficial to the environment. In any analysis of risks of transgenics, it is obviously important to also 
consider the possible benefits. TCs can offer a range of benefits. These benefits can be considered 
above and beyond those that emerged from the Green Revolution of agriculture, due to the fact that 
products such as pesticides, artificial fertilizers, other agrochemicals, etc. of the Green Revolution have 
proved to have direct detrimental effects on the environment. Following are a few examples of benefits 
resulting from applying genetic modification techniques to agricultural biotechnology. 
 
4.4.1.1 Reduction of Agrochemicals 
In general transgenic Bt crops have reduced the applications of pesticides. The use of 
transgenics will have added beneficial effects on the environment by significantly reducing the use of 
agrochemicals11. 
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4.1.1.2 Increased Crop Productivity 
Results of the mass cultivation of transgenic crops since 1996 in around eighteen 
countries worldwide have shown that there has been relative increased crop productivity. This 
increased transgenic crop productivity can be viewed in figure 5 on page 22. 
 
4.1.1.3 Improved Nutritional Value 
Golden Rice is one of the examples where the nutrient content has been improved where 
Beta Carotene has been genetically engineered from daffodils into it, which is a precursor of vitamin A. 
The human body readily changes Beta Carotene into Vitamin A during the digestive process. Hence it 
is a food that is a cure for the widespread deficiency of Vitamin A. Golden rice yet has to be 
commercialized. 
 
4.1.1.4 Control of Weeds 
Weeds are undesired plants in crop fields that share nutrients, sunlight, and soil resources 
and are one of the greatest sources of loss to crop yields. Hence research in crop biotechnology, other 
than insect resistance mechanisms, developed crops to provide resistance against herbicides. In the GM 
Nation field trials, it was observed that in beet and rapeseed (canola) crops, fields planted with GE 
herbicide tolerant varieties had fewer weeds and fewer weed seeds than fields planted with conventional 
varieties. It is believed that the broad-spectrum herbicides used on these crops were more effective at 
killing weeds than the specific herbicides used on conventional crops. There were fewer bees and 
butterflies in such fields because there were fewer weeds available to provide food and cover. Some 
species of soil insects that feed on decaying and dead weeds were more abundant in the GE crop fields. 
Although farmers producing conventional beet and spring rapeseed crops also often used pre-
emergence herbicides to prevent weed development and growth, these herbicides provided less 
effective control than the atrazine used by the maize farmers12.  
A general consensus developed for chemical pesticides is that they have proved to have 
large-scale negative impacts on the environment. In a similar way, so has the indiscriminate use of 
herbicides. Rather in a comparison, herbicides are weighed more in terms of deteriorating and 
damaging the environment. Herbicides such as Roundup have been widely used in agriculture around 
the world due to its chemical properties which ensures rapid degradation in soil, has low toxicity to 
humans and animals, and is effective in killing weeds. But at the same time, this herbicide has also killed 
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crops. Hence the need was felt to genetically modify crops to herbicide resistance in order to have 
limited types of herbicide applications. With the use of GE, HRCs have been created to resist the 
herbicide, in order to increase the yield. HRCs have been developed to be resistant, primarily, against 
Roundup that has been a significant step forward in alleviating the environmental impacts of 
indiscriminate use of manifold herbicides. The ultimate result has been reduction in applications of 
other herbicides that have proved to be potentially damaging to the environment. 
 The biotech companies have developed HRCs that are resistant to specific herbicides. 
Such crops include transgenes providing tolerance to the herbicides Roundup® (chemical name: 
glyphosate) or Liberty® (chemical name: glufosinate). Hence the application of these herbicides has 
increased, but reduced applications of other herbicides. These herbicides resolve many of problems as 
they are broad-spectrum, meaning that they kill nearly all kinds of plants except those that have the 
tolerance gene that has been genetically engineered into them. Thus, if farmers cultivate HRCs, they 
can apply a single herbicide to the fields that would prove to be effective at most crop growth stages. 
Agrochemical companies producing such herbicides argue that one of the important benefits is that this 
class of herbicides breaks down rapidly in the soil, eliminating residue carry-over problems and 
ultimately reducing negative environmental impacts. However, many of the newer herbicides developed 
over the past several years, such as Roundup, have much less impact on the environment than the ones 
they replaced. On balance, that should be viewed as a positive step. 
In another related effort to reduce the impacts of gene flow that is related to the risk of 
evolving related wild species of a crop into weeds, biotech companies adopted the controversial terminator 
technology in transgenic crops that prevented gene flow, but at the same time it also outraged activists 
because it kept farmers from reusing seeds for the next generation. Hence the industry’s primary 
objective of terminator technology was to introduce a monopoly of seed distribution to the farmers. 
 
4.1.15 Positive Impacts on Soil Ecosystem
In a study by the Conservation Technology Information Centre (CTIC), based at Purdue 
University in Indiana (US), showed how biotechnology has helped spur further adoption of 
environmentally beneficial conservation tillage practices13. With conservation tillage practices the 
topsoil and soil moisture, which is important for germination of seeds, is preserved and such practices 
also reduce runoff. With no-till farming, the crop residue from the previous year is left standing hence 
providing organic matter for growth of crops. Conservation tillage is defined as any tillage and planting 
system that leaves more than 30 percent of the soil covered with crop residue to prevent erosion. There 
are several types of conservation tillage systems — no-till, ridge-till and mulch-till — with no-till being 
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the best for the environment because the soil is left virtually undisturbed from harvest to planting, 
reducing erosion by 90 percent or more. In contrast, conventional-tillage leaves less than 15 percent of 
the soil covered with residue14. GE crops, particularly HRCs, allow conservation tillage practices to 
have direct beneficial impacts on the soil environment, e.g. such new technologies can improve the 
environment by reducing the need to plough and hence the organic matter is conserved. This has 
indirect economic benefits to farming that are beyond the scope of this study. 
One example to cite here for soil conservation is soybean that is the largest crop used as a 
HRC according to the data provided earlier in this Chapter. In the case of non-transgenic soybean, 
weeds are cleared before seeds are planted through tillage practices that result in soil erosion and loss of 
moisture. On the contrary, herbicide resistant soybean crops are planted by placing them directly into 
relatively undisturbed soil. In such cultivation practices the weeds can more easily be controlled at a 
later stage. Cultivation in this manner conserves moisture and soil fauna and flora, and reduces water 
and wind erosion. 
 
4.1.1.6 Positive Impacts on Birds 
The use of HRCs has directly benefited certain types of birds that feed on food in crop 
fields. The benefits range from improved habitat for birds such as pheasants, bobwhite quail and doves. 
This science is now benefiting wildlife food plot establishment and management. The primary 
beneficiaries are dove and quail. The dove and quail cannot move about and feed safely on the ground 
if a large number of weeds are prevalent on the fields. The reason is that dove and quail are bare-
ground feeders and weeds interfere with their feeding. The use of HRCs prohibits growth of weeds and 
as a result, such crops allow feed to be visible and easily accessible to these game birds because the 
degree of control is excellent15. 
Another well known example is from the UK trials that were part of the GM Nation. 
HRCs can also benefit other species of birds as well. In the first piece of research into how genetically 
modified (GM) herbicide tolerant crops could be used to benefit the environment, scientists have 
shown that creative use of GM crops could bring back increasing numbers of endangered wildlife and 
birds such as skylarks and finches, said The Royal Society press release announcing the study16. 
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4.4.2 DETRIMENTAL OBSERVED IMPACTS IN GENERAL 
 
 This section of the chapter reviews the scientific work published worldwide, though less 
in number, and illustrates that resources have also been devoted to determine the negative impacts of 
transgenic crops on the environment. It is important to indicate here that majority of the experiments, 
conducted in this regard, have taken place under laboratory controlled conditions but impact on the 
environment can be foreseen. 
 
4.4.2.1 Negative Impacts on the Soil Ecosystem 
Crops and soil have a direct relation in agriculture. Soil biota has its due significance as it 
plays an important role in enzymatic activity. Hence it is obvious that the possibilities for soil biota to 
be exposed to transgenic products are very high. The three most common ways of incorporation of Bt 
toxins in the soil are: 
o Release from roots during the growth of a Bt crop 
o From pollen during tasselling of Bt crops 
o Via plowing of residues of Bt crops after harvest 
Donegan et al. (1995) reported that an important aspect of the risk assessment of 
pesticidal transgenic plants is the potential for detrimental effects on the soil ecosystem from residual 
plant material following harvesting and tillage. They evaluated this concern by placing leaves of three 
different lines of cotton genetically engineered to produce the Bacillus thuringiensis var. kurstaki (B.t.k.) 
endotoxin in soil and monitored numbers and species of indigenous soil bacteria and fungi. After 
conducting experiments, they reported lack of effects from the purified B.t.k. toxins and suggested that 
the observed effects of the transgenic plant lines on soil micro-organisms may not have resulted from 
the plants’ production of B.t.k. toxin. They suggested that genetic manipulation or tissue culturing of 
the plants may have produced a change in plant characteristics, aside from B.t.k. toxin production, that 
can influence growth and species composition of soil micro-organisms17.  
Later on, Donegan and Seidler in 1999 reported that there is a long-term persistence of 
insecticidal products (Bt and proteinase inhibitors) in the soil. Tapp et al. found that the insecticidal 
toxin remains active in the soil, where it binds rapidly and tightly to clays and humic acids. The bound 
toxin retains its insecticidal properties and is protected against microbial degradation by being bound to 
soil particles. These products persist in various soils for at least 234 days (the longest time studied). 
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They observed the accumulation and persistence of the insecticidal toxins from Bacillus thuringiensis and 
suggested that it may result in environmental hazards, such as toxicity to non-target species and the 
selection of toxin-resistant target species18. Other experiments have also revealed presence of the toxin 
in exudates from Bt corn in a similar manner that bound to the soil. 
In relation to the use of herbicides and its impacts on the soil ecosystem, there is 
evidence that application of herbicides has increased and at the same time have negative impacts on the 
soil. Hence, in general, HRCs are not reducing environmental hazards. This statement is supported by 
extensive evidence, which shows that farmers, who plant HRCs that are resistant to the herbicide 
Roundup, are now applying more of it to their fields19. Additionally, The Denmark and Greenland 
Geological Research Institution have conducted a recent research that discovered that the Roundup 
used in Danish agriculture is unexpectedly polluting the ground water with its active ingredient 
glyphosate at five times the acceptable level. Prior to the application, the biotech industry Monsanto, 
the manufacturer of Roundup, had assured the institute that soil bacteria breaks down glyphosate 
before it reaches the groundwater. With these unexpected developments, some experts have been 
surprised by the results. According to Professor Mogens Henze, head of the Institute for Environment 
and Resources at Denmark’s Technical University, “The results show that glyphosate is polluting our 
drinking water. And unfortunately we have only seen the tip of the iceberg….” The Environment 
Minister expressed his shock and concern by stating: “It is simply not acceptable that this stuff is 
turning up in our groundwater in such a concentration so high over the acceptable level. If this is the 
case then we must react quickly.” (As reported in the English translation of an article in the 
Copenhagen newspaper Politiken, May 10, 2003)20. 
 
4.4.2.2 Negative Impact on Non-target Species 
The negative impacts of Bt crops on nontarget species were for the first time observed in 
a study at Cornell University in New York. Losey et al. (1999) published their article in the science 
journal Nature where they revealed results of laboratory experiments that were conducted on monarch 
butterfly targeted to study the impacts of Bt toxin on nontargets. They suggested that pollen from Bt 
maize might have toxic effects on larvae of the monarch butterfly in the fields as well. A detailed study 
is presented later in Chapter for the case study of maize. 
 
4.4.2.3 Transfer of Genes to Wild Relatives 
Wild sunflowers that are basically weeds hybridize readily with cultivated sunflower. It 
has been observed that genes have been transferred to wild relatives and these weeds have become 
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partially resistant to moth-type herbivorous insects. This supports the concern that adverse effect of 
commercialization of Bt sunflowers would result in insect resistant weeds. If Bt weeds likely produce 
more seeds, due to growth as a result of resistance to insects, they will gradually increase the hardiness 
of weedy populations. The evolutionary concern that environmentalists have shown earlier for transfer 
of transgenes to the wild relatives, and hence development of weeds, has been observed in case of Bt 
sunflower. Wild relatives gain advantage from Bt sunflower. Recent research from three U.S. 
universities shows that Bt genes that move into wild sunflowers from Bt-crop sunflowers confer 
substantial advantages on the wild relatives21. 
 
4.4.2.4 Resistance Development: 
 Though it has not been long that TCs have been cultivated on the commercial scale 
around the world (only eight years now since 1996 after first time plantation) a consensus has 
developed among the scientific community to accept the fact that pests have gradually developed 
resistance to TCs. ‘Although there exists considerable ignorance in our knowledge about resistance 
mechanisms and their inheritance in agriculturally important pests, according to biologists257, insecticide 
resistance is a dynamic, multidimensional phenomenon that can be triggered by biochemical, 
physiological, genetic or ecological factors’22. The Green Revolution introduced agrochemicals, and 
pesticides have been used since then to control insects and pests. Constant exposure to pesticides has 
often led to the evolution of resistant insects and pests, and the cultivation of some types of transgenic 
crops has facilitated this process. 
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4.5 POTENTIAL IMPACTS IN GENERAL 
In the section 4.4 of this chapter, the observed impacts of TCs on the environment were reviewed 
while in this section, the potential impacts of TCs on the environment are reviewed. 
 
4.5.1 BENEFICIAL POTENTIAL IMPACTS IN GENERAL: 
 
4.5.1.1 Increase in Yield 
Does agricultural biotechnology have the potential to increase yields? The biotech 
industry has proclaimed that the most potential beneficial impact of cultivation is the significant 
increase in yield promising other benefits. This also has a positive impact on the environment. But the 
objectives of potential impacts can be viewed from the perspective of type of trait introduced in a 
specific crop plant. For example, if resistance to herbicides and pests is required, then crops are 
genetically engineered for that specific purpose. Hence the objective in this case is to increase 
productivity. However other traits introduced into crops e.g. for enhanced nutritional value, would 
have potential benefits of its own to the environment. In such transgenics not only productivity is 
increased but also the nutritional content. In that case transgenics like Golden Rice have potential 
beneficial impacts on humans. Humans are not excluded from the term ‘environment’. 
 
4.5.1.2 Similar Impacts to Non-GE crops 
No compelling scientific arguments or evidence has been found to demonstrate that GM 
crops are significantly different from non-GM crops, in terms of their potential impacts on the 
environment. This aspect can be categorized into the potential beneficial effects because the different 
types of potential impacts that have been discussed in the proceeding sub-sections are already well 
known from cultivation of non-GE crops. These include invasiveness, weediness, toxicity, biodiversity 
etc. Proponents of biotech argue that introduction of the novel technology of biotechnology has a 
potential for crop improvement in manifold ways that are not hazardous to the environment. 
 
4.5.1.3 Beneficial for Soil 
Phytoremediation is the process where plants have the ability to uptake heavy metals from 
the soil through root hairs. This process has been developed in trees through the use of a bacterium in 
biotechnology. Scientists at the University of Georgia have conducted research in this area and one 
example is a yellow poplar tree that they have genetically engineered with a gene from a bacterium. This 
bacterium increases the tree's ability to remove toxic mercury from the soil at 10-times the amount of 
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non-engineered trees. The trees uptake the mercury through their roots and then change it to a vapour 
that is released into the atmosphere23. In a similar manner one of the major benefits that plant 
biotechnology may have on the environment is the use of agricultural crops, in the future, to remove 
toxic metals from contaminated soil. 
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4.5.2 POTENTIAL RISKS IN GENERAL: 
 
As a result of the controversy and opposition that the biotech industry and research 
faces, many environmentalists, ecologists and anti biotech campaigners have written a lot about the 
potential risks. But it is important to keep in mind that all such concerns and negative issues, associated 
with crop biotechnology raised, are hypothetical. This does not imply that they are null and void but are 
based on the past hundreds of years of experience of genetic evolution. These groups have raised 
various questions about the toxin’s potential (in case of Bt crops) to interact with other organisms, 
including humans, in the environment. As described in the previous sections, though GE can improve 
the control of pest insects, plant pathogens, and weeds, there are risks associated with it. These risks are 
highlighted in this portion of the chapter. 
Various agricultural transgenic crops reveal that their interaction with the environment is 
multidimensional. This is a result of contributing factors like genetic variation, ecological factors (both 
biotic and abiotic), phenotypes and genotypes etc. From their performance and existing knowledge of 
conventional crop breeding, various potential risks of transgenic crops can be envisaged from a 
comparative study. Different ways how transgenic crops pose risks to the environment are discussed in 
this section. After an assessment to comprehend the different types major risks associated with GE, 
this project identifies a total of eleven such kinds in number, as follows: 
 
? First, transformation of GE crops into weeds 
? Second, transfer of transgenes to wild relative plants (resulting in weeds) 
? Third, evolution of resistance 
? Fourth, facilitation of creation of new, more virulent viruses within the GE crops 
? Fifth, toxic impacts on nontargets 
? Sixth, GE crops might threaten centres of crop diversity. 
? Seventh, loss of biodiversity 
? Eight, monocultures 
? Ninth, overall sustainability of agriculture 
? Tenth, impacts on humans 
? Pleiotropic effects of inserted genes 
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4.5.2.1 Transformation into Weeds 
There are also chances of the genetically modified crops to be transformed into weeds 
themselves. This possibility is the most hypothetical one and can be materialized under different 
conditions. Factors that can contribute to the transformation of transgenics into weeds include, various 
environmental factors, perturbance in the genetic makeup of the transgenics and unexpected genetic 
recombinations in the transgenic offspring as a result of natural mutations. 
 
4.5.2.2 Gene Flow 
Weeds have, since antiquity, been a constant problem in farming. Man has always used 
different techniques to suppress the growth of weeds. The Green Revolution introduced agrochemicals 
and herbicides have been used since then to control weeds. There is a general consensus that constant 
exposure to herbicides has often led to the evolution of resistant weeds. In a similar way, there are 
concerns that the cultivation of some types of GE crops will likely facilitate this process. 
Genetic makeups of offspring are based on a naturally existing phenomenon of genetic 
variation. This results due to recombination of genes during mating of hetero parental homo species. 
One of the primary concerns about genetic recombination, in the study of population genetics, within 
the sphere of transgenics, is transfer of genes to the wild relatives of any given crop species. Studies 
have shown that the recombination of genetically engineered genes has a potential risk of spreading 
unwanted genes into wild crop populations resulting in contamination. It is a known phenomenon that 
wild relatives of crop species are very important in order to maintain genetic diversity in terms of 
desirable traits. At the same time these wild relatives are considered as weeds. The unlimited movement 
of unwanted crop genes into a crop population may pose more serious concerns than unwanted 
chemical use. Wild relatives of cultivated crops are considered as weeds as well. Gene flow depends 
primarily on its frequency. The potential problem of gene flow from transgenics to the wild relatives is 
greater in out crossing and promiscuous crops, such as maize and sugar beets, and less in self-
pollinating crops, such as wheat, barley, and potatoes. Many self-pollinating crops have a low frequency 
of gene flow. The gene flow occurs as a result of transfer of pollen and seeds that move in the 
environment. This genetically modified pollen can transmit new genetic traits to nearby crops or wild 
relatives. The unwanted new traits might include changes in the chemical setup of seeds allowing them 
to survive winter or enhance the growth hormones of weeds. 
The main concern with transgenes that confer significant biological advantages is that 
they may transform wild/weed plants into new or worse weeds. Hybridization of HRCs with 
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populations of free living relatives will make these plants increasingly difficult to control, especially if 
they are already recognized as agricultural weeds and if they acquire resistance to widely used 
herbicides. For example: 
o Transgenic resistance to glufosinate can be passed on from Brassica napus to populations of 
weedy Brassica napa, and persist under natural conditions24. 
o In Europe there is a major concern about the possibility of pollen transfer of herbicide tolerant 
genes from Brassica oilseeds to Brassica nigra and Sinapis arvensis25. 
GE crops that have wild relatives near their plantation can be most affected from gene 
flow for the trait of herbicide resistance. Canola has many wild relatives in Canada, for example, that 
exist near cultivated fields. In this case, wild relatives can also develop resistance to herbicides creating 
more problems. Rice has wild relatives in many parts of the world, where its varieties are grown. In 
such cases genetic drift could be prevalent. Since rice has genetically modified traits for nutritional 
enhancement, the movement of transgenes can result in increased seed production of weeds. 
Norman Ellstrand, plant geneticist at the University of California at Riverside (US), has 
shown that gene flow from many conventionally bred crops increases the weediness of nearby wild 
relatives. Studies of evolutionary genetics have shown that crop-to-wild hybridisation results in the 
evolution of increased weediness in wild relatives. The possibility of transgene flow from engineered 
crops to their wild relatives with undesirable consequences was independently recognized by several 
scientists e.g.: Colwell et al. (1985); Ellstrand (1988); Dale (1992)26.  
Among the first to publish the idea of gene flow from transgenics were two Calgene 
scientists, writing: “The sexual transfer of genes to weedy species to create a more persistent weed is 
probably the greatest environmental risk of planting a new variety of crop” (Goodman and Newell, 
1985)27. With gene flow from GE crops to wild relatives, there are risks of invasiveness. Genetic 
modifications, through traditional breeding or genetic engineering, of crop or other species can 
potentially create changes that enhance an organism’s ability to become an invasive species28.  
All arguments in the context of potential gene flow to weeds converge at a common 
point resulting in the concept of ‘super weeds’. Super weeds have been considered as a possible 
environmental threat. The genetically modified trait to cause super weeds in this case is herbicide 
resistance. Resistance of weeds to herbicides is an ongoing problem. GE has been one of the tools to 
develop a new technology in this area. But the fact remains the same that introduction of new 
herbicides is essential after a given time frame to practice weed management effectively. 
Some scientists maintain that it is more likely that transgenes will move into weeds as a 
result of genetic drifts but it is less clear what the ecological consequences would be. Hence on one 
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hand if GE is used to make better crops, on the other it could make slightly more problematic weeds. 
Till now, no threats such as ‘superweeds’ have arisen from GE plants. 
Gene flow can also threaten rare plant species by hybridization with transgenic plants. 
 
4.5.2.3 Evolution of Resistance: 
Though resistance development was considered as an observed detrimental impact 
earlier, here it is presented as a potential risk as well. In contemporary literature most of the discussion 
for potential impacts has been focused on the rapid evolution of pesticide-resistant insects. Bt crops 
have been introduced to counter damages caused by insects and pests. Moreover, one of the common 
concerns against Bt crops is that their widespread use will accelerate development of resistance to Bt in 
the target pests in the future. Hence the utility of introduction of Bt genes would fade away, as has been 
observed in case of insects developing resistance against conventional chemical insecticides. The 
reasons being that insects have a diversified number of species, have a short life cycle and there is a lot 
of variation in the genes that are transferred to the offspring in heredity. Additionally, insects possess a 
remarkable capacity to adapt to selective pressures. Hence different evolutionary traits are expressed in 
a relatively short time span. 
Another important concern raised with respect to insect resistance is that most crops 
have a diversity of insect pests and in addition to Bt toxin (that is targeted for specific insect pests) 
insecticides still have to be applied. One example of such insect pests is the non-Lepidoptera pests that 
are not susceptible to the Bt toxin of the crop.  
 
4.5.2.4 Virulent Viruses 
Research on the use of viruses in genetic engineering has primarily been used to develop 
resistance in crops against pathogens. Although the use of viral genes for resistance in plants to virus 
pathogens has potential benefits, at the same time there are risks associated with it. One possibility of 
occurrence is the recombination between an infecting plant RNA virus and a viral RNA inside the 
engineered plant that could produce a new pathogen, and a potential synergism and other interactions 
could lead to new, more severe disease problems (AIBS 1995). 
 
4.5.2.5 Nontarget Species 
With use of GE crops and Bt in particular, nontarget insects that are beneficial in nature 
for agriculture can be affected in the commercial production of TCs. Laboratory experiments, as 
mentioned earlier and later in the maize case study, have already shown detrimental impacts of 
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transgenic maize on non-target species. Such beneficial species include predators, parasitoids, and 
pollinators. Various classes of the phylum arthropoda fall into these beneficial insects. Since laboratory 
experiments proved that Bt toxin, through GE pollen, is harmful to monarch butterfly (this is studied 
in detail in the relevant section of a case study) and others, there are greater possibilities of other 
beneficial insects to be affected in field cultivation of GE crops. 
 
4.5.2.6 Centres of Diversity 
Threat to the centres of crop diversity is not a general concern for all cultivated crops. 
The reason being that for many domesticated crops, wild varieties do not exist in current areas of 
cultivation around the world. Nevertheless, regions where crop species originated are particularly 
vulnerable to transgenic gene flow into indigenous varieties, landraces or wild relatives. One general 
example to cite here is Mexico that is the centre of origin of maize. There are a lot of local varieties still 
grown that have genetic diversity. The potential threat to such varieties is that GE maize will 
intermingle with the local genetic makeup resulting in the loss of existing genetic diversity. Recently the 
Mexican authorities found out that some local maize varieties were contaminated with genetically 
engineered genes. 
 
 
4.5.2.7 Loss of Biodiversity 
The loss of biodiversity has been an issue under discussion since many decades. Many 
environmentalists, including farmers, have expressed their concerned about the loss of biodiversity in 
our natural environment. In the 20th century, increased adoption of conventionally bred crops raised 
similar concerns. Hence globally extensive efforts were taken to collect and store seeds of as many 
varieties as possible of all major crops. Various international research agricultural institutions and plant 
breeders have maintained these collections. Advancement in the science of genetics and modern plant 
biotechnology has gradually increased our knowledge of how genes express themselves and has 
highlighted the importance of preserving genetic material. Hence there is a need to ensure that the pool 
of genetic diversity of crops is maintained. This diversity is required for future use and research. 
Agricultural biotechnologists have recognized this importance. There are mixed concerns for loss of 
biodiversity. Some maintain that due to expansion of cultivation of GE crops, they will unlikely 
negatively impact biodiversity. Others have a different opinion, resulting from cultivation of 
monocultures of GE crops and argue that this is a threat to loss of biodiversity. 
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4.5.2.8 Monocultures 
Monoculture is defined as a single, homogeneous culture without diversity or dissension 
or it is the cultivation of a single crop on a farm or in a region or country. Agricultural cultivation that 
has been developed with GE crops favour monocultures. Dangerously high levels of genetic 
homogeneity characterize monocultures that lead to higher vulnerability of crop populations to biotic 
and abiotic stress. Monocultures also lead to other environmental concerns including environmental 
simplification and genetic erosion. History has repeatedly shown that uniformity characterizing 
agricultural areas sown to a smaller number of varieties is a source of increased risk for farmers, as the 
genetically homogeneous fields may be more vulnerable to disease and pest attack29.  
Altieri (2000) analyzed the consequences of various effects on agroecosystem health and 
suggested that transgenic crops can produce environmental toxins that move through the food chain 
and also may end up in the soil and water affecting invertebrates and probably ecological processes 
such as nutrient cycling. Transgenic crops are being deployed at increasing rates in agricultural 
landscapes worldwide. This leads to increasing genetic uniformity of agroecosystems and enhances 
farmers’ dependence on biotechnological innovations subject to proprietary regimes controlled by 
multinational corporations. As developed transgenic crops respond to market niches and opportunities, 
there has been little consideration of the ecological implications of their deployment. Existing 
ecological theory and emerging research data suggest that the massive planting of transgenic 
monocultures can create critical environmental impacts ranging from gene flow between transgenic 
crops and wild relatives, the creation of super-weeds and the rapid development of insect resistance, to 
impacts on soil fauna and nontarget organisms30. 
 
4.5.2.9 Sustainability of Agriculture at Risk: 
Many contemporary scientists are have expressed that the large-scale use of GE crops 
poses a series of environmental risks that threaten the overall sustainability of agriculture (Goldberg, 
l992; Paoletti and Pimentel l996; Snow and Moran l997; Rissler and Mellon l996; Kendall et al l997 and 
Royal Society l998).
 
4.5.2.10 Impacts on Humans 
Humans (Homo sapiens) are not excluded from the environment and potential impacts of 
GE crops on humans are explained in this sub-section. In fact we are an important component of the 
environment. The impacts of transgenics on humans have a direct relation since we utilize the products 
of such crops. Most of the potential impacts are associated with the consumption of genetically 
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engineered crops. Different risks associated with GE crops would depend largely on the new traits 
introduced into the organism. Although no such catastrophic impacts have been reported by the 
consumption of transgenic crops, yet research is currently undergoing to determine the impacts of 
consumption. But potential harms to human health have been raised in three major areas. Here are the 
examples of the potential adverse effects of GE crops may have on human health. 
 
4.5.2.10.1 Evolving Resistance to Antibiotics  
 A major threat to human health is associated with the antibiotics. Questions have been 
raised whether antibiotic-resistance genes used in GMO research contribute to evolving resistance of 
humans to antibiotics. To answer such inquiries, it is important to understand what the relation of 
antibiotics to genetic engineering is. Genetic engineering often uses genes for antibiotic resistance as 
‘selectable markers’. These markers help in the phenotypic expressions to identify if a particular 
introduced trait has been physically expressed or not. These markers are introduced into the plants 
early in the engineering process. These markers aid in selecting cells that have taken up foreign genes. 
The function of molecular markers is limited to this activity and they have no further use. But the genes 
continue to be expressed in plant tissues with the growth and development. Hence in this way, most 
genetically engineered plant foods carry fully functioning antibiotic-resistance genes. 
Depending on the type of antibiotic-resistance genes in foods, their presence could have two adverse 
effects. 
• First, the bacterial genes that have been introduced into the plants contain antibiotic genes and 
there are possibilities that by eating these foods the effectiveness of antibiotics to fight disease 
can be reduced. 
• Second, antibiotic-resistance genes produce enzymes that can degrade antibiotics. So, if food 
products from GE crops are eaten that possess an antibiotic-resistance gene at the same time 
with an antibiotic, such food could destroy the antibiotic in the stomach during the process of 
digestion. 
 
 Another possibility is the movement of resistance genes to pathogens of humans and 
making them impervious to antibiotics. In that case the existing antibiotics would not be effective in 
targeting the pathogens and already serious health problem of antibiotic-resistant disease organisms can 
be aggravated. But no such evidence has been found in nature where bacteria or other pathogens have 
incorporated these resistant genes. Secondly, unmediated transfers of genetic material from plants to 
bacteria are highly unlikely. 
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4.5.2.10.2 New Allergens in the Food Supply 
 It is well known that virtually all known food allergens are proteins. Genetic engineering 
deals with recombination of DNA that express different kinds of proteins. This occurs due to different 
enzymatic activities. The reason why so much concern has been raised in this regard is that GE 
routinely moves proteins into the food supply from organisms that have never been consumed as foods 
before and some of these proteins could be food allergens. Scientists have raised concerns that 
transgenics could bring new allergens into foods that sensitive individuals would not know to avoid. 
However the ability to predict if a protein will be a food allergen is not practicable. The only way to 
determine is through consumption experience. 
 
4.5.2.10.3 Nutritional deficiencies 
 In February 2002, the Royal Society, an independent UK body composed of expert 
scientists, raised concerns that GM foods might cause nutritional deficiencies. If genetic engineering 
changed food composition, they argued, it might lower the amounts of certain nutrients in food, such 
as fatty acids. They said that this might cause nutritional deficiencies in vulnerable groups such as 
infants, pregnant women, the elderly and people with chronic disease31. 
  
4.5.2.11 Pleiotropic Effects of Inserted Genes 
 Pleiotropism is the control by a single gene of several distinct and seemingly unrelated 
phenotypic effects. A pleiotropic effect is an unforeseen effect brought about by the inserted gene i.e. 
an unintended side effect. Since the evolutionary studies of TCs are based on a period of even less than 
a decade, it is likely that the inserted genes for the different traits may show pleiotropic effects. 
 
 In summary, it is expected that impacts of these several problems/risks would be seen 
after widespread cultivation of GE crops and their consumption in the forthcoming years. Till date, 
there have been no serious environmental impacts worldwide related to GE crops. 
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4.6 CASE STUDY OF TRANSGENIC MAIZE FOR 
ENVIRONMENTAL IMPACTS 
 
 
4.6.1 INTRODUCTION TO MAIZE:  
“Columbus did not realize that the gift of maize was far more valuable than the spices or gold he hoped 
to find. He had no way of knowing that the history of maize traced back some 8,000 years or that it 
represented the most remarkable plant breeding accomplishment of all time. He might have been 
embarrassed if he had understood that then, as now, this plant developed by peoples he judged poor 
and uncivilized far outstripped in productivity any of the cereals bred by Old World farmers --wheat, 
rice, sorghum, barley, and rye. Were he alive today, he would certainly be astonished to see the extent 
to which the advent of maize has affected land use, food production, cuisine, and population growth 
around the world”32. 
 Maize (Zea mays ssp. mays) is one of the world’s most important cereals. It is an annual 
Graminae and is the grain with the highest production levels in the world. Maize is the common name 
for the ‘staple of life’ that is grown for food and livestock fodder. There are five major categories, 
mainly the dents, flints, floury, pop, and sweet maize. The US is the largest producer of maize in the 
world. Maize, one of humankind’s earliest innovations, was domesticated 8,000 years ago when humans 
learned to cross-pollinate plants. Cultivated maize was introduced to Europe in the sixteenth century. 
Maize is also widely used as a livestock fodder crop33. 
 
4.6.2 Types of Transgenic Maize 
Maize has been genetically modified for the traits of insect resistance and herbicide 
resistance. Mostly insect resistant transgenic maize (also known as Bt maize) is commercially grown 
while herbicide resistance transgenic maize has been cultivated on field experimental basis, as in the 
case of UK GM trials. 
The first maize hybrids genetically engineered to express Bt toxins were developed in the 
1980s and commercially introduced in the mid 1990s. In Bt maize the donor organism is the soil 
bacterium Bacillus thuringiensis. The engineered gene produces a protein that is called Bt delta endotoxin. 
Bt maize is genetically engineered to express the Bt toxin in plant tissues for the control of two 
lepidopteran insects, the European Corn Borer (ECB) (Andow and Hutchison, 1998) and the 
Southwestern Corn Borer (SWCB).  
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4.7 REVIEW OF ENVIRONMENTAL IMPACTS OF TRANSGENIC MAIZE:   
 
In order to have a focused insight of the observed and potential impacts of a transgenic 
crop for this project, transgenic maize has been considered as a case study to determine environmental 
impacts due to two major reasons. Firstly, maize is the second largest crop that has been genetically 
engineered primarily for Bt toxins (soybean is the largest crop which has been altered for the herbicide 
tolerance trait). Secondly, we know so much about maize genetics and its evolutionary studies. 
Transgenic maize has been grown at the commercial scale in US since 1996 followed by a number of 
other pro-biotech countries, enlisted earlier in Chapter 4. Although it was given approval for marketing 
in the EU in February 1997 for growing and use as an animal feed, it was banned by Austria and 
Luxembourg. Later on the moratorium by five Member States of the EU stopped all cultivation of 
transgenic crops, including maize, in the EU. Hence the data on environmental impacts of maize can 
primarily be found on research conducted in the US and other countries that have cultivated transgenic 
maize on a larger commercial scale. The empirical environmental impacts both beneficial and 
detrimental of transgenic maize that have been already observed and those that are potential are 
reviewed in this section. 
 
4.8 OBSERVED IMPACTS OF TRANSGENIC MAIZE: 
 
 
4.8.1 BENEFICIAL OBSERVED IMPACTS OF TRANSGENIC MAIZE: 
 
4.8.1.1 Wildlife Stability: 
Herbicide tolerant maize has shown positive impacts on wildlife during the recently held 
field scale evaluation trials in UK as part of the GM Nation study. On this particular occasion the 
observations and impacts that were recorded on the environment follow. ‘In maize [corn] crops, the 
GE herbicide tolerant variety provided better refuge for wildlife than the conventional variety. 
Researchers found that there were more weeds in and around the herbicide tolerant GE maize crops, 
more butterflies and bees at certain times of the year, and more weed seeds, which can be important in 
the diets of some birds. Most farmers growing the conventional maize crop used the herbicide atrazine 
before or just after the weeds started to grow. This herbicide prevents most weed seeds from 
terminating and developing, thus reducing the potential of the fields as foraging grounds for insects. In 
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the GE herbicide tolerant maize, herbicide is not applied until much later in the crop’s development, 
thus allowing for the growth and development of weeds in the earlier stages’34. 
 
4.8.1.2 Pesticide Reduction  
Hovey (1999) has suggested that Bt maize represents environmental progress, for it does 
not require the excessive application of less effective chemicals to control insects. It is a well known 
fact that pesticides in agriculture have damaged different components of the environment (biota, soils, 
water, non-targets etc) and they are poisons for humans responsible for health concerns. Pimental 
(1993) has reported that an estimated 70 million birds, that are nontargets, are killed each year in the 
U.S. as a result of pesticide use and billions of insects, both beneficial and harmful, are also killed. 
Researchers Pimentel and Raven (2000) argue that crops like Bt maize can help reduce the use of 
agricultural chemicals when used as part of an overall IPM strategy. 
Hence Bt corn reduces the need for pesticide application provided that management 
practices are also carried out appropriately. 
 
4.8.1.3 Survival of Pollinators: 
Pollinators, such as domesticated and wild bees, are considered as beneficial insects and 
Bt maize does not affect them. The reason being that the toxins expressed in Bt-corn pollen are specific 
for Lepidoptera. In the US for EPA registration, an assessment of the impact of each Bt maize hybrid 
on pollinators is required (USEPA 1999). Documentation for the EPA registration shows that pollen 
from Bt corn has no effect on survival of either larval or adult domesticated bees (USEPA 1999). 
 
4.8.1.4 Impact on Non Target species: 
The demonstrations by Losey et al. , Hansen and Obrycki35 that milkweed leaves dusted 
with heavy concentrations of Bt corn pollen are toxic to Monarch butterfly larvae (Danaus plexippus) 
feeding on them were consistent with the known toxicity of Bt endotoxin to Lepidoptera in general and 
the expression of Bt endotoxins in the pollen of the strains of corn they studied. Much speculation and 
some investigations followed, concerning the extent to which the poisoning of Monarch butterflies and 
other nontarget Lepidoptera might be significant contributors to the mortality of these insects in 
nature. For example, Shelton and Roush were critical of the two earlier findings, but did not provide 
any data from nature, despite the fact that Losey et al., in the original report, stated “it would be 
inappropriate to draw any conclusions about the risk to Monarch populations in the field based solely 
on these initial results.” 
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4.8.1.5 Positive Impacts on Soils: 
Bt maize can be planted in a no-till system and hence it eliminates the use of mechanical 
tillage. One of the drawbacks of mechanical tillage is that it stirs up the weed seed resulting in mass 
populations that cause problems. 
 Herman et al.36 conducted experiments in the laboratory and determined the rapid 
degradation rate of Bt proteins. They incorporated the gene for the core Cry1F insecticidal crystal 
protein (ICP) from Bacillus thuringiensis Berliner (Bt) into the genome of maize plants, Zea mays L. They 
reported that plants expressing this ICP are protected from attack by various Lepidopteran pests 
including the European corn borer, Ostrinia nubilalis (Hubner). The stability of the Cry1F ICP in soil 
was assessed in a laboratory study designed to determine the persistence of the active protein residue in 
soil over time, using insect bioassay as the analytical quantification method. The GI (50) (concentration 
estimated to inhibit growth by 50%) rose at each consecutive incubation interval, indicating a consistent 
decline in Cry1F activity over time. The residue data were poorly described by a first-order model when 
fit to either the full data or a truncated data set where the last interval (28 days) was excluded. Data 
were well described by a shift-log model, and this model predicted DT(50) (time until 50% decay) and 
DT(90) (time until 90% decay) values of 0.6 and 6.9 days, respectively. This rapid degradation rate was 
consistent with other Bt proteins evaluated in their laboratory. Hence greater the degradation rate of Bt 
proteins, better for the soil. 
 Due to its binding property (REF) to the soil, the Bt protein does not leach with 
groundwater. The proteins do not particularly last in acidic soil conditions. Environmental factors 
rapidly degrade Bt protein e.g. under sunlight, it is destroyed very rapidly. The Bt-toxin is regarded as 
an environmentally friendly insecticide because of its target specificity and its decomposition to non-
toxic compounds when exposed to environmental factors (Gould, 1995)
 
4.8.1.6 Target Specifity: 
Bt maize is a GE variety where a specific Bt inserted gene produces a protein that 
protects the crop from feeding by insect pests. The Bt protein controls insects by disrupting the insect’s 
digestive system. It is important to understand that the targeted insect gut is alkaline by nature, where 
the Bt protein is activated and binds to specific receptors. Due to this specificity, Bt maize would not 
harm man. The human stomach is acidic by nature and lacks the receptors that the toxin targets. The Bt 
protein of maize only affects organisms where the gut is alkaline. The Bt protein does not cause allergy 
because it is easily digested or degraded in heat.  
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4.8.1.7 Genetic Drifts: 
Maize has no sexually compatible relatives in areas outside of Mexico and southward in 
the Americas. Hence in other areas around the globe the possibility of genetic drift of maize transgenes 
does not exist. So there is no problem in this case. Although maize is a cross pollinated crop, the 
probability of cross pollination (if local varieties exist) is reduced to the fact that maize has limited 
pollination period of 5-10 days. Pollen viability is at most 60 minutes and is affected by weather (an 
environmental factor) especially high temperature. Also, cross pollination declines with distance e.g. 1% 
at 33.3 m to 0.03% at 53.3 m at release point. So a distance of 200 m is enough to isolate transgenic 
crop fields from the non transgenic crop fields in theory. Moreover cross-pollination from transgenic 
maize to non transgenic maize may be avoided by planting Bt maize 21 days before and/or after the 
non-Bt maize is planted.  
 
4.8.1.8 Mycotoxins: 
With the use of Bt maize, surprise environmental benefits have also occurred. Bt maize 
hybrids reduce health risks caused by mycotoxins. Mycotoxins, produced by fungi, are potentially 
carcinogenic compounds to humans. One type of mycotoxin, Fumonisin, produced by a general class of 
fungi called Fusarium, is the most commonly occurring mycotoxin found in maize grain harvested37. 
Munkvold (1999) reported that mycotoxin build up is directly related to certain fungal plant diseases, 
which can be increased by insect damage in crops. Insect larvae chew on stalks and kernels, creating 
wounds where fungal spores can enter the plant. Once established, these fungi often produce 
mycotoxins. Some mycotoxins, such as fumonisin, can be fatal to horses and pigs, and are probable 
human carcinogens. The studies show Bt maize hybrids that control European corn borer damage to 
kernels usually have very little Fusarium ear rot, and consequently, lower fumonisin concentrations.  
‘These studies have shown that Bt corn hybrids that provide full season insect control had less ear 
damage from insect pests such as European corn borer when compared with genetically similar non-Bt 
corn. These same Bt corn hybrids also had reduced incidence and severity of Fusarium ear rot and 
resulted in lower fumonisin content. In some instances the amount of fumonisin present on Bt corn 
was nine to 10 times lower than that measured in non-Bt corn (Munkvold and Hellmich, 1999; 
Munkvold et al., 1997; Munkvold et al., 1999). Similar results have recently been reported in Italy 
(Masoero et al, 1999). Bt corn provides an additional choice corn growers can use to safely and 
effectively control damaging insect pests. It allows them to produce higher quality grain and reduces the 
health risks caused by mycotoxin-producing fungi’38. 
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Dowd (2001) examined the Bt Incidence of insect damage, and association of insect 
damage with mycotoxigenic corn ear moulds and mycotoxins in commercial fields of Bt and non-Bt 
hybrids of different backgrounds in Illinois in 1998 and 1999. Nearly 50% Helicoverpa zea (Boddie) 
infestation sometimes occurred in Bt hybrids that express high levels of the protein in silks and kernels. 
Damage by European corn borer, Ostrinia nubilalis Hubner, was uncommon, even in non-Bt ears. Levels 
of total fumonisins were generally less (15- to 1.8-fold) in Bt versus non-Bt hybrids at the same site, 
with some significant differences. There were several instances where there were no significant 
differences in fumonisin levels between low/no Bt kernel hybrids and Bt hybrids that produced high 
levels of the protein in the kernel and silk tissue. However, significant correlations were often noted 
between numbers of insect-damaged kernels and total fumonisin levels, especially in 1998, suggesting in 
these cases that reducing insect damage was still reducing fumonisin levels. There was variability 
between the correlation coefficient for numbers of insect damaged kernels and fumonisin levels at 
different sites for the same year, different hybrids at the same site, and the same hybrid for different 
years. Although reductions in fumonisins in Bt hybrids were more limited than reported in the past, 
planting the Bt hybrids still appears to be a useful method for indirectly reducing mycotoxins in corn 
ears39.  
According to an International Council for Science (ICSU) review of GM crops, Bt maize 
crops may have lower levels of mycotoxins. With fewer insect holes in plant tissue (due to less insect 
pest infestation), associated fungi are not able to invade and produce toxins40.  
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4.8.2 DETRIMENTAL OBSERVED IMPACTS OF TRANSGENIC MAIZE: 
 
4.8.2.1 Impact on nontargets: 
Losey et al. (1999) reported that although plants transformed with genetic material from 
the bacterium Bacillus thuringiensis (Bt ) are generally thought to have negligible impact on non-target 
organisms, Bt corn plants might represent a risk because most hybrids express the Bt toxin in pollen, 
and corn pollen is dispersed over at least 60 metres by wind. Corn pollen is deposited on other plants 
near corn fields and can be ingested by the non-target organisms that consume these plants. In a 
laboratory assay they found that larvae of the monarch butterfly, Danaus plexippus, reared on milkweed 
leaves dusted with pollen from Bt corn, ate less, grew more slowly and suffered higher mortality than 
larvae reared on leaves dusted with untransformed corn pollen or on leaves without pollen41.  
In response to this study, researchers at the U.S.D.A. Agricultural Research Service spent 
two years performing field tests in order to determine the exact risk Bt corn posed to monarch larvae 
under normal field conditions. Results indicated that monarch larvae would encounter toxic levels of Bt corn 
pollen less than 1 percent of the time under normal conditions. They also concluded that the toxicity of 
the Bt corn pollen to monarch larvae was so low that the larvae were in more danger from the chemical 
insecticides that are applied on non Bt corn. 
Schuler et al. have shown that the behaviour of non-target insects can also play a part in 
determining how their populations will be affected by Bt plants. Transgenic crops that express genes 
targeted against insect pests may also affect non-target insects. For example, lacewings and monarch 
butterflies have been reported to be susceptible to toxins from Bacillus thuringiensis (Bt) that are 
expressed in Bt transgenic plants, although these results were obtained in small-scale laboratory assays 
in which insects were exposed to high levels of transgenically expressed toxin in no-choice tests42. 
Hilbeck et al. have reported that beneficial insects such as the green lacewings (Chrysoperla 
carnea), which are insect predators of insect pests, were killed by ingesting European corn borers 
(Ostrinia nubilalis) reared on Bt corn. They carried out laboratory feeding experiments using transgenic 
Bacillus thuringiensis variety kurstaki (Berliner) corn plants to study the effects of B. thuringiensis-fed 
herbivores (i.e. prey) on the predator Chrysoperla carnea (Stephens). Host plants were a transgenic B. 
thuringiensis-expressing (CrylAb) corn hybrid and the corresponding untransformed, B. Thuringiensis-
free corn hybrid. Two different prey species were used in the experiments, the European corn borer, 
Ostrinia nubilalis (Hubner) (lepidopterous target pest), and Spodoptera littoralis (Boisduval) (lepidopterous 
nontarget pest for B. thuringiensis). The objectives were to quantity the effects of B. thuringiensis-fed prey 
on chrysopid immature development and to determine whether observed effects were caused by sick, 
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suboptimal prey (indirect effects) or associated with B. thuringiensis-related causes (direct effects). 
Mean total immature mortality for chrysopid larvae raised on B. thuringiensis-fed prey was 62% 
compared with 37% when raised on B. thuringiensis-free prey. There was no significant difference in 
mortality between chrysopid larvae reared on B. thuringiensis-fed O. nubilalis or B. thuringiensis-fed S. 
littoralis, Similarly, no significant difference in mortality was detected when chrysopid larvae were raised 
on B. thuringiensis-free O. nubilalis or B. thuringiensis-free S. littoralis. Development time of chrysopid larvae 
was prolonged when B. thuringiensis-fed O. nubilalis was given to the predators but not for B. thuringiensis-
fed S. littoralis. Although some unnoticed adverse effects in S. littoralis may have occurred because of the 
B. thuringiensis corn, their results suggested that the reduced fitness of chrysopid larvae was associated 
with B. thuringiensis. The prolonged development time of chrysopid larvae raised on B. thuringiensis-fed O. 
nubilalis was probably because of a combined effect of B. thuringiensis exposure and nutritional deficiency 
caused by sick prey43. 
 
4.8.2.2 Impact on Soil and Soil Biota: 
At the Zoological Institute, University of Bern, Bern, Switzerland Zwahlen et al. have 
experimented and observed the impacts of Bt maize on the soil. Their findings show that large 
quantities of Bacillus thuringiensis (Bt) maize plant residue are left in the field after harvest, which may 
have implications for the soil ecosystem. Potential impacts on soil organisms will also depend on the 
persistence of the Bt toxin in plant residues. Therefore, it is important to know how long the toxin 
persists in plant residues. In two field studies in the temperate maize-growing region of Switzerland 
they investigated degradation of the Cry1Ab toxin in transgenic Bt maize leaves during autumn, winter 
and spring using an enzyme-linked immunosorbent assay (ELISA). In the first field trial, representing a 
tillage system, no degradation of the Cry1Ab toxin was observed during the first month. During the 
second month, Cry1Ab toxin concentrations decreased to approximately 20% of their initial values. 
During winter, there was no further degradation. When temperatures again increased in spring, the 
toxin continued to degrade slowly, but could still be detected in June. 
In the second field trial, representing a no-tillage system, Cry1Ab toxin concentrations 
decreased without initial delay as for soil-incorporated Bt plants, to 38% of the initial concentration 
during the first 40 days. They then continued to decrease until the end of the trial after 200 days in 
June, when 0.3% of the initial amount of Cry1Ab toxin was detected. Their results suggest that 
extended pre- and post-commercial monitoring is necessary to assess the long-term impact of Bt toxin 
in transgenic plant residues on soil organisms44.  
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There are three major types of incorporation mechanisms of Bt toxin in the soil, one is 
via Bt maize root exudates (mentioned in Chapter 4, subsection 4.4.2.1). Researchers at New York 
University and the Instituto Veenezolano de Investigaciones Cientifacas in Venezuela have shown that 
plantings of Bt corn can result in the release of the Bt toxin into the soil through the plant roots. 
Additionally, they found that the toxin persists in the soil for at least 234 days after the crop is 
harvested45.  
Bt maize has been genetically modified to express insecticidal toxins derived from the 
Bacillus thuringiensis to kill lepidopteran pests feeding on these plants. Tapp et al. have shown that Bt 
toxin is released into the rhizosphere soil in root exudates from Bt maize. The root exudates from Bt 
maize contain insecticidal toxin that contaminates the soil. The insecticidal toxin produced by B. 
thuringiensis subsp. kurstaki remains active in the soil, where it binds rapidly and tightly to clays. The 
equilibrium adsorption and binding of the toxins from Bacillus thuringiensis subsp. kurstaki (Btk) (66 
kDa), toxic to lepidopteran larvae, and from subsp. tenebrionis (Btt) (68 kDa), toxic to coleopteran larvae, 
on the clay minerals, montmorillonite (M) and kaolinite (K), homoionic to various cations (`clean' clays) 
or coated with two types of polymeric oxyhydroxides of Fe (III) (`dirty' clays) were studied46. 
 Crecchio et al. showed that the insecticidal toxin produced by B. thuringiensis subsp. 
kurstaki remains active in the soil, where it binds rapidly and tightly to humic acids. They studied the 
equilibrium adsorption and binding of the active toxin from Bacillus thuringiensis subsp. kurstaki, toxic to 
lepidopteran larvae, to humic acids extracted from two forest and two cultivated soils, as well as the 
insecticidal activity and the biodegradation of the bound toxin47. 
Tapp et al. have shown that this bound toxin retains its insecticidal properties. The release 
of transgenic plants and micro-organisms expressing truncated genes from various subspecies of Bacillus 
thuringiensis that encode active insecticidal toxins rather than inactive protoxins could result in the 
accumulation of these active proteins in soil, especially when bound on clays and other soil particles. 
Toxins from B. thuringiensis subsp. kurstaki and B. thuringiensis subsp. tenebrionis, either free or adsorbed at 
equilibrium or bound on pure clay minerals (montmorillonite or kaolinite) or on the clay size fraction 
of soil, were toxic to larvae of the tobacco hornworm (Manduca sexta) and the Colorado potato beetle 
(Leptinotarsa decemlineata), respectively. The 50% lethal concentrations (LC (50)) of free toxins from B. 
thuringiensis subsp. kurstaki were higher than those of both bound and adsorbed complexes of these 
toxins with clays, indicating that adsorption and binding of these toxins on clays increase their toxicity 
in diet bioassays. The LC (50) of the toxin from B. thuringiensis subsp. tenebrionis that was either free or 
adsorbed on montmorillonite were comparable, whereas the toxin bound on this clay had higher LC 
(50) and the toxin bound on kaolinite had lower LC (50) than when adsorbed on this clay. Results 
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obtained with the clay size fraction separated from unamended soil or soil amended with 
montmorillonite or kaolinite were similar to those obtained with the respective pure clay minerals. 
Therefore, insecticidal activity of these toxins is retained and sometimes enhanced by adsorption and 
binding on clays48. 
 These toxins are protected against microbial degradation by being bound to soil particles. 
Koskella et al. have demonstrated that the insecticidal toxins produced by Bacillus thuringiensis subspp. 
kurstaki and tenebrionis were resistant when bound on clays, but not when free, to utilization by pure and 
mixed cultures of microbes as sources of carbon and carbon plus nitrogen, and their availability as a 
nitrogen source was reduced. The bound toxins retained insecticidal activity both before and after 
exposure to microbes or pronase. The insecticidal activity of the toxins persisted for 40 days (the 
longest time evaluated) in nonsterile soil continuously maintained at the -33-kPa water tension and 
room temperature, alternately air dried and rewetted to the -33-kPa, water tension, or alternately frozen 
and thawed, although alternate drying and wetting reduced the activity49. 
The persistence of Bt toxin in soils has direct impacts on the soil biota. Dinel et al. at the 
Eastern Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada, Ottawa, Canada 
conducted experiments to demonstrate that Bt maize adversely effects microbial activity in the soil. 
They used Pyrolysis-gas (Py-GC) chromatography to characterize extractable lipids from Bt and non-Bt 
maize shoots and soils collected at time of harvesting. Py-GC-MS (mass spectrometry) showed that the 
concentrations of total alkenes identified in non-Bt shoots and soils were 47.9 and 21.3% higher than in 
Bt maize shoots and soils, respectively. N-alkanes identified were of similar orders of magnitude in Bt 
and non-Bt maize shoots, but were 28.6% higher in Bt than in non-Bt soils. Bt maize shoots contained 
29.7% more n-fatty acids than non-Bt maize shoots, whereas the concentrations of n-fatty acids in Bt 
soils were twice as high as those in non-Bt soils. Concentrations of unsaturated fatty acids in Bt maize 
shoots were 22.1% higher than those in non-Bt maize shoots, while concentrations of unsaturated fatty 
acids were 22.5% higher in non-Bt than in Bt soils. The cumulative CO2-C evolved from soils under Bt 
and non-Bt crops was 30.5% lower under Bt as compared to non-Bt crops, whereas when maize shoots 
were added to Bt and non-Bt soils, the decrease in CO2-C evolved were 16.5 and 23.6%, respectively. 
Their data showed that the cultivation of Bt maize significantly increased the saturated to unsaturated 
lipid ratios in soils which appeared to negatively affect microbial activity50. 
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4.9 POTENTIAL IMPACTS OF TRANSGENIC MAIZE: 
 
 
4.9.1 POTENTIAL BENEFICIAL IMPACTS OF TRANSGENIC MAIZE:  
 
Bt maize has two major potential beneficial impacts: 
? Reduction in pesticide application 
? Increase in productivity 
 
 
4.9.2 POTENTIAL RISKS/DETRIMENTAL IMPACTS OF TRANSGENIC MAIZE: 
 
4.9.2.1 BT crops and beneficial insects  
Hilbeck et al. have reported that Bacillus thuringiensis proteins are becoming ubiquitous, 
highly bioactive substances in agroecosystems. Most non-target herbivores colonizing Bt crops in the 
field ingest plant tissue containing Bt protein which they can pass on to their natural enemies in a more 
or less processed form. Polyphagous natural enemies (polyphagous: subsisting on many kinds of foods) 
that move between crop cultures are found to frequently encounter Bt containing non-target 
herbivorous prey in more that one crop. This is a major ecological concern given previous studies that 
documented that Cry1Ab adversely affected the predaceous lacewing Chrysoperla carnea reared on Bt 
corn-fed prey larvae51. 
 
4.9.2.2 Concerns - Resistance Management 
Resistance development in insect pests to Bt maize may not itself be a potential risk, but 
it is a matter of concern for scientists. The crux of this concern is that the trait of insect resistance has 
been introduced into maize in order to manage pest infestation. So, if insects evolve and develop 
resistance to Bt maize, then the resources, time and effort put, to incorporate this trait, would all go in 
vain. 
Dekalb (1998) has expressed concern that European corn borer tends to be resilient and 
may have the potential to develop resistance to Bt cry proteins. Insects are known for their ability to 
rapidly develop resistance to certain insecticides. Hovey (1999) has shown that there is a similar 
concern for Bt-corn. 
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4.9.2.3 Non-reduction in pesticides: 
Another concern for transgenic maize is associated with the use of pesticide application. 
Though earlier in the thesis, there has been reference given that Bt maize has reduced pesticide 
application, yet researchers John Obrycki of Iowa State University (US) and colleagues (including John 
Losey at Cornell University, US) have written, “Unlike the use of transgenic potatoes and cotton, the 
use of transgenic corn will not significantly reduce insecticide use in most of the corn-growing areas of 
the Midwest…” They have concluded that data suggest “that the Bt plantings (of corn) are not being 
used as a replacement for insecticides but in addition to them”52. However, it should be noted that this 
study is for a specific plantation area and not generally for transgenic maize crops planted around the 
world.
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CHAPTER 5 
TRANSGENIC CROPS – REGULATION 
This chapter of the project thesis addresses and answers the second question raised in the problem 
formulation, Chapter 2, “How has the EU taken into consideration the precautionary principle in the 
regulatory process of the release of transgenic crops for environmental safety? 
 
5.1 A CASE STUDY OF EU REGULATION (The Precautionary Principle for Environment) 
 
 The Precautionary Principle, also termed as the ‘Safety Approach’, is a concept that has 
developed due the past experiences of new technologies and practices that developed primarily in the 
20th century. Although there were early warnings for the detrimental impacts of such technologies and 
practices, yet they were not given due consideration, as a result of which man suffered many losses, 
examples of which are common now. Hence as a result of this, the regulatory process of new 
technologies has been based on the precautionary principle where great precaution is taken to foresee 
the future impacts on the human and environmental health. 
 On the global scale, for such regulation, there are regulatory bodies/protocols at the 
international level (Cartagena Protocol on Biosafety), regional level (the European Union (EU) and at 
respective national government levels. In this section a particular case study of a regional regulatory 
body, The EU has been studied, for the EU has considered the precautionary principle in the policy 
implementation of TCs, due to the potential of interaction of TCs to the environment. International 
protocols delegate policies and planning to regional bodies and individual governments derive them 
from the regional bodies, if they are member states. Since EU is a regional body, it devolves such 
planning and policies to member states. In the case for regulation of release of GMOs (including TCs) 
into the environment, the current implemented centralized binding force is the ‘EU Directive 
2001/18/EC of the European Parliament and of the Council of 12  March 2001 on the deliberate 
release into the environment of genetically modified organisms’.  The implementation repealed the 
Council Directive 90/220/EEC 
th
of 23 April 1990 on the deliberate release into the environment of 
genetically modified organisms. The Directive 2001/18/EC mentions that the Council Directive 
90/220/EEC shall be repealed on 17 October 2002. Since TCs also fall under the category of 
Genetically Modified Organisms (GMOs), they are regulated in light of this Directive. 
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 The EU and its member states have taken into consideration the Precautionary Principle, 
in the regulation of the release of TCs into the environment, in two major and effective ways: 
a) One is the central policy/regulation, this is the Directive itself 
b) Second are the various steps that the member states have taken at the national level, either 
individually or collectively in groups 
 Hence, these two approaches that the EU has taken into consideration for the 
implementation of the precautionary principle in the regulation of TCs for the safety of the 
environment, are studied separately in this chapter. 
 
 
5.2.1 SAFETY APPROACHES FOR ENVIRONMENT IN THE DIRECTIVE 
  
 The introduction and implementation of the Directive itself comes in accordance with 
the precautionary principle for safety to the environment and human health. But the Directive also has 
numerous sections that highlight safety measures in the release of GMOs. A thorough study of The 
Directive, in order to have a comparative evaluation of approaches to safety, reveals that though there 
were minor shortcomings e.g. on issues of traceability and labelling. These drawbacks have now been 
removed in the stringent amendments to safeguard the environment. Two major divisions of The 
Directive handle regulation of GMOs. Part B of The Directive is related to the deliberate release of 
GMOs for any other purpose than for placing on the market. Part C pertains to placing on the market 
of GMOs as or in products. The third division, Part D, also has a couple of enactments. 
  
 Following are the various major safety approaches to the environment in Part B of The 
Directive: 
? The Directive provides for a specific environmental risk assessment and a monitoring plan with 
a view to detecting the effects of the GMO or GMOs on human health or the environment53. 
? The Directive mentions various national and community authorities with which coordination 
has to be carried out for the assessment of the risks to the environment. All environmental risk 
assessments should be in conformity with the provisions of the Directive54.  
? Any person prior to the deliberate release of a GMO(s) has to submit a notification to the 
competent authority of the Member State within whose territory the release is to take place and 
provide information on the interactions between the GMO(s) and the environment. A 
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monitoring plan also has to be submitted to identify effects on human health and the 
environment55. 
? The decision of the competent authority of a member state will depend on the notification 
provided that comprises of the environmental risk assessment and monitoring plan. This 
decision shall establish the minimum amount of technical information, in particular information 
on the interactions between the GMO(s) and the environment56. 
? The extent of the safety approach can be understood from a provision of the Directive. Even 
after the competent authority of a member state has given the written consent for the release, 
and any unintended change or modification of the GMO takes place that can have 
consequences on the environment, the notifier shall immediately inform the competent 
authority and the competent authority can decide accordingly57. 
? One of the safety approaches mentioned in the Directive is public participation. Member States 
shall consult the public on the proposed deliberate release and give the public the opportunity 
to express their opinion58. 
? Even after completion of the release, the notifier shall send to the competent authority the 
result of the release in respect of any risk to human health or the environment59. 
 
 
Following are the various major safety approaches to the environment in Part C of the Directive: 
 
? Before a GMO or its products are placed on the market for the first time, a notification shall be 
submitted to the competent authority of the member state. The competent authority shall 
immediately forward the summary of the dossier to the competent authorities of the other 
member states and the Commission. In addition to provision of other necessary information in 
the notification, it shall also contain the environmental risk assessment and monitoring plan60. 
? The competent authority of a member state shall examine the notification for compliance with 
the Directive 2001/18/EC and prepare an assessment report and send it to the notifier61. 
? For consumers that do not want to utilize foods from transgenic crops, a safety approach has 
been highlighted in the Directive, which mentions that member sates shall take all necessary 
measures to ensure that the labelling and packaging of GMO(s) products takes place at all 
stages of the placing on the market62.  
? The Directive has a powerful Article for safety approach by member states. The Directive 
empowers the member states to provisionally restrict or prohibit the use and/or sale of 
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GMO(s) or products on its territory. This can be a result of new or additional information 
available that can affect the environmental risk assessment and that the competent authority has 
detailed grounds for considering that GMO(s) or its products constitutes a risk to human health 
or the environment. This information has to be shared with the public63. 
 
Following are the various major safety approaches to the environment in Part D of the Directive: 
 
? In no case can the environmental risk assessment be kept confidential64. 
? Member states can determine the penalties applicable to breaches of the national provisions, 
adopted pursuant to the Directive65. 
 
5.2.2 SAFETY APPROACH BY MEMBER STATES AT EU LEVEL 
 
The safety approach/precautionary principle, maintained by certain member states 
(Denmark, France, Greece, Luxembourg and Italy) of the EU, is a result of the commercialization of 
GE crops in the EU in 1997. A Swiss biotech multinational company Novartis was allowed to sell GE 
seeds in the EU. The European Commission used a loophole in the former regulations to do so. Hence 
Novartis Bt 176 maize was legally commercialised in Europe. The cultivation of this Bt maize took 
place mainly in Spain but also in France and Germany in 1998. In 1999 it was grown in Spain and 
Portugal. Due to these developments, thirteen of the fifteen EU Member States opposed the 
commercialisation of Bt 176. And this led to the implementation of the de facto moratorium, on 
approval of GMOs/transgenic crops, in the EU by the EU Ministers of the Environment in 
Luxembourg, on June 24, 1999. This moratorium prevents imports to the EU and cultivation of 
transgenic crops in member states. 
After several years of proposals from the European Commission and discussion in the 
European Parliament, the EU finally adopted a revised Deliberate Release Directive 2001/18/EC that 
entered into force on 17th April 2001 and it had to be transposed into the national law of Member 
States by 17th October 2002. This Directive was more stringent than the previous ones where it also 
made it obligatory for food companies to label the food products that had modified DNA. In this way 
the Commission hoped that this would alleviate environmental and health safety concerns of GM 
products in member states. It also envisaged allowing lifting of the de facto moratorium. Although this 
Directive is an improvement than the previous one, still it had some drawbacks, e.g. the Directive itself 
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failed to deal with the problem of traceability of GMOs with the aim of facilitating product labelling 
and providing a means for product withdrawals should problems occur in the future.  
Five member states have given due consideration to the safety approach in regulation of 
GMOs in EU. These include Denmark, France, Greece, Luxembourg and Italy. Even though the new 
Directive took effect, the de facto moratorium was not lifted. These five member states subsequently 
joined by Austria, again declared that they would not lift the de facto moratorium until the issue of 
traceability and labelling was resolved. Germany in October 2001 and Belgium in December 2001 also 
consolidated the de facto moratorium. The de facto Moratorium that itself was a step in the safety 
approach was intact from spring 1998 till January 2004 when EU allowed sweet corn to be imported.  
 Keeping in view the demands from the member states, the EU finally approved two 
amendments to the Directive 2001/18/EC starting April 18, 2004. One of these new EU regulations 
deals with regulating GM food and feed and the other deals with traceability and labelling of GM 
organisms. Although, in the Directive 2001/18/EC, some GM labelling requirements already existed, 
the new rules are considerably stricter so that a system is in place to identify who supplies GM products 
to whom – from ‘farm to fork’. The concern of traceability that the several member states had 
expressed has been addressed too. These amendments have been a step forward in the regulation of 
transgenic crops from an environmental safety approach point of view.  
The Directive 2001/18/EC was amended on 22 September 2003. The two regulations that were 
enacted are:  
o REGULATION (EC) No 1829/2003 OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 22 September 2003 on genetically modified food and feed 
o REGULATION (EC) No 1830/2003 OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 22 September 2003 concerning the traceability and labelling of genetically 
modified organisms and the traceability of food and feed products produced from genetically 
modified organisms and amending Directive 2001/18/EC. 
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CHAPTER 6 
 
ANALYSIS AND FINDINGS 
 
6.1 FOR ENVIRONMENTAL IMPACTS 
 
 
The most popular types of TCs and their traits are shown in the following table: 
 
Transgenic Crop/Plant GE trait 
Maize  Herbicide Resistance, Insect Resistance and Disease Resistance 
Cotton Herbicide Resistance and Insect Resistance 
Canola Herbicide Resistance 
Soybeans Herbicide Resistance 
Potatoes Insect Resistance 
Squash Disease Resistance 
Papaya Disease Resistance 
Tomatoes Improved Taste, Colour and Texture 
Rice Improved Nutritional Quality 
 
 
Analysis of Pesticide Use: 
 The analysis of pesticide use from the review of literature in this project indicates that 
simple conclusions cannot be reached and comparisons cannot be made. There are a number of 
reasons for this; the application of pesticides to TCs varies from year to year on a region to region 
basis; the differences among farmers who use TCs; the annual variations in the weather from year to 
year; the changing socio-economic conditions at a given place and time; the findings of any datum can 
be influenced if there is no common strategy for its collection, etc. Hence the findings on the changes 
in the pesticide use related to TCs have not been consistent to draw conclusions for future 
implications. Moreover, contrastive studies show different results. On hand pesticide use is less, as 
reviewed in this project, while on the other it is more, e.g. GE crops do not necessarily reduce pesticide 
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use, according to a World Wildlife Fund Canada report. The report notes that U.S. data show that 
farmers planting GE crops have often actually increased their use of herbicides and insecticides. The 
WWF report outlines six key reasons underlying why genetic engineering does not decrease pesticide 
reliance. ‘Genetic engineering is not a magical short cut to pesticide reduction,’ said Julia Langer, 
Director of WWF’s Wildlife Toxicology ProgramA. 
Analysis of Yield Changes: 
 A promise of TCs is that they could significantly increase crop yields. The yield changes 
of TCs cannot be properly analyzed due to the fact that TCs have been commercialized relatively 
recently and less literature is available to assess any potential high yields. Even if other variables like 
weather, pests and agronomic conditions are constant, still it is difficult to predict changes in yield 
quantity.  
 
Analysis of Soil Tillage and Water Use: 
 TCs can play a positive role in the conservation of soil and water that are natural 
resources. TCs require less or no tilling of the soil which has benefits of its own, like alleviating the 
burden of farmers, control of weeds, etc. TCs that are engineered to tolerate drought reduce the use of 
ground and surface water for irrigation. Though these benefits are mentioned in the report, yet there is 
no empirical evidence, however, on how transgenic crops affect soil tillage and water use, if any.  
 
Analysis of Herbicide Resistant Crops: 
 Beneficial impacts of HRCs generally outweigh their risks or detrimental impacts as 
obvious from the review of literature in this report. HRCs have benefited the environment in several 
ways; they help farmers improve their management of weeds; improve the total crop yield; do not 
affect pollinators or other agricultural beneficial insects, etc. But at the same time there are 
environmental concerns associated to the use of HRCs, which are; HRCs and wild relatives could 
interbreed, making the later more resistant to herbicides and complicating their control; other pests, 
including bacteria, fungi and plant pathogens can become resistant as well; if one herbicide is used on 
farms then the weed populations that are resistant to herbicides can emerge, etc. It should be noted that 
in this analysis, these are only potential threats and fortunately the review of data in this report suggests 
                                                 
A Source: ‘Do Genetically Engineered Crops Reduce Pesticide Use? The Evidence Says Not Likely,’ World Wildlife 
Foundation Canada, Toronto, Canada, March 7, 2000 
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that nothing like this has yet taken place. However, with regards to the applications of herbicides it is 
worth analysing that Roundup Ready (RR) soybeans ‘clearly require more herbicides than conventional 
soybeans, despite claims to the contrary,’ Charles Benbrook of the Northwest Science and 
Environmental Policy Center has written, also citing data showing that ‘RR soybean cultivars produce 5 
percent to 10 percent fewer bushels per acre in contrast to otherwise identical varieties grown under 
comparable field conditions.’B
 
Analysis of Insect Resistant Crops: 
 Insect resistant crops can show potential benefits of decreased insecticide use and 
reduced crop damage, resulting in high yields. At the same time the innate ability of insects to rapidly 
adapt to environmental pressures should not be avoided while analyzing them. Due to the short life 
cycles and rapid genetic evolution, insects have developed resistance to Bt crops. This poses a serious 
threat to the long-term planning of Bt crops to be cultivated. It is important to note that certain field 
management practices can also increase the sustainability of Bt crops to an extent. One of them is to 
establish refugia in the Bt fields. This enables insects to reduce the rate of resistance in the subsequent 
progenies for a Bt crop. The laboratory studies reviewed in this report, shows increase in resistance to 
Bt toxin, especially of Lepidoptera (butterflies and moths) and Coleoptera (beetles). This resistance is 
gradually increasing in the field as well. Nevertheless, evolutionary studies require a long period of time 
and predictions cannot be made on very short periods. But at the same time as more research is 
conducted in this area, knowledge of the extent and evolutionary rate of resistance development will 
deepen considerably.  
 
Analysis of Impacts on Non-targets: 
Confined experimental research, included as part of the review in this report, has confirmed 
that Bt crops can have detrimental impacts in the field on beneficial insects predators including 
lacewings (Hilbeck et al. 1998), ladybird beetles (Birch et al. 1997), monarch butterfly larvae (Losey et al. 
1999), the Honeybee (Picard et al. 1997), soil biota (Watrud and Seidler 1998). On the other hand, the 
findings by Wraight et al. (2000) have shown that normal Bt maize had no deleterious impacts on black 
                                                 
B Source: ‘Troubled Times Amid Commercial Success: Glyphosate Efficacy is Slipping and Unstable Transgene Expression 
Erodes Plant Defenses and Yields,’ by Charles Benbrook, Ag BioTech InfoNet Technical Paper, Number 4, 2001, available 
at www.biotech-info.net/troubledtimes.html 
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swallowtail butterflies. Such studies exemplify the complexity of the issue of impacts on non-targets. 
Similarly, in other research, e.g. the study of Cry IIIB toxin on Honeybee (Arpaia, 1996), the study of 
Bacillus thuringiensis (Bt) endotoxins in cotton and potato plants on soil arthropods - the Collembolan 
and the Orbatid mite (Yu et al. 1997), the Bt Kurstaki Cry IA protein on the four beneficial insect 
species - the Honeybee, C. carnea, H. convergens and N. vitripennis (Sims, 1995) experienced no harmful 
effects from transgenic crops. Apparently, the amount of research conducted on the effects of non-
target species to GM crops is sparse. 
 From the information reviewed in this report and analyzed here, there appears equal 
evidence of both beneficial and detrimental effects of TCs on non-target species. 
 
Analysis of Gene Flow: 
 The impact of gene flow varies considerably on different factors including crop species 
and type of transgenic trait. Also, there is limited knowledge of properly knowing how and which wild 
plant populations are affected by herbicides, insects or viruses. But in general, in the due course of 
time, transgene flow will occur. It is accepted globally that TCs should not be cultivated near their place 
of origins or near wild relatives.  
 
Reduction of Pest management practices: 
 Most of the transgenic crop varieties currently grown by farmers are either herbicide 
tolerant or insect pest-resistant. HRCs and Bt crops may not be a good choice of traits to feature the 
technology, given predicted environmental problems and the issue of resistance evolution. In fact, there 
is enough evidence, e.g. insects developing resistance to Bt crops, to suggest that both these types of 
crops are not really needed to address the problems they were designed to solve. On the contrary, they 
tend to reduce the pest management options available to farmers. There are many alternative 
approaches, (that farmers can use to effectively regulate the insect and weed populations) which are 
being targeted by the biotechnology industry. 
 
Risks are also associated with traditional breeding: 
Recently, due to rapid development in the agricultural biotechnology area, the question of 
whether the commercialization of transgenic crops could lead to serious environmental problems has 
generated considerable debate. Community members that do not want agricultural GE to flourish 
foresee it as a potentially dangerous technique. Their major concerns are that widespread cultivation of 
some transgenic crops could speed the evolution of undesirable weeds or pesticide-resistant insects that 
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have been a major aspect of this study. To a large extent, these risks apply to traditionally bred crops as 
well, but the imminent release of transgenic plants has focused attention on this new technology and its 
potential consequences. 
 
No evolutionary experience: 
 Current agricultural practices and knowledge are based on experiences of evolution, 
which is a major study within genetics. The major concern regarding transgenics is that we do not have 
its evolutionary experience and if research or regulation is implemented, it has to be done with great 
precautions. Due to the lack of evolutionary studies of these GE crops, the environmental 
consequences of the massive use of HRCs and Bt toxin in crops remain unknown. The evolutionary 
studies play a significant role in determining the future of any crop. Since transgenic crops have been 
recently introduced, there are very less evolutionary studies based on a period of eight years. There is 
no information, e.g. if the cultivation of TCs would result in the evolution of newly resistant plant pests 
(microbial pathogens, insects, and weeds). Even though if it happens, how can we delay or avoid the 
evolution of resistance of such pathogens? As crop biotechnology continues to evolve, genetic 
engineering and other tools will also develop and genetic engineers are currently focusing to modify an 
organism’s own genetic code to achieve desired characteristics. Meanwhile, there are concerns that GE 
crops can adversely affect the evolutionary process in the environment. The Institute for Energy and 
Environmental Research has warned that the introduction of GMOs disrupts the natural processes of 
evolution. In the report, the U.S. think tank argues that there is a serious gap in the understanding of 
how the entire genetic structure of a living being functions within an ecosystemC.  
Current focus of GE: 
 This does not imply that novel technologies should not be exploited. Agricultural 
biotechnology, in the contemporary world, is considered as a ‘Magic Bullet’. The experience on the 
recent years of cultivation of transgenic crops reveals that it has not had any significant observed or 
potential adverse effects on the environment or human health. Hence the development of this 
technology advances. As the world population continues to increase, food supplies must also grow to 
meet nutritional requirements. One means of ensuring the stability and sustainability of the food supply 
                                                 
C Source: Ecology and Genetics: An Essay on the Nature of Life and the Problem of Genetic Engineering, by Arjun 
Makhijani, Institute for Energy and Environmental Research, Apex Press, 2001. 
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is to mitigate crop loss that weeds and plant pathogens cause. The current application of GE is focused 
on these areas to address the problems. 
 
Objective to reduce yield losses: 
 The introduction of GE crops has various objectives one being to reduce yield losses. 
Not only cultivation but also carefully planned introduction of these crops should reduce or even 
eliminate the enormous crop losses due to weeds, insect pests, and pathogens.  
 
Impact on Soil Analysis: 
 Soil is one of the major components of the environment, where research has been 
conducted to observe the environmental impacts. The interaction of crops with soil is 
multidimensional. Studies, reviewed in this report, have demonstrated that Bt toxin is released into the 
soil from the root tips and hairs of transgenic plants. This toxin intermingles with the soil enzyme 
activities, soil fauna, and soil microorganisms. This toxin lasts in the soil for elongated periods (234 
days maximum observed) and affects the soil biota. At another instance, a scientific study by a 
University of Bordeaux professor has found that sediment in the Richelieu River, a tributary of the St. 
Lawrence River in Canada surrounded by fields of genetically engineered Bt maize, contains 
concentrations of Bt that are five times higher than in nearby agricultural watershedsD.  
 In general, the soil component of the environment is adversely affected. Another 
example is cited here in the analysis. A study at the Max Planck Institute for Soil Microbiology in 
Germany has shown that planting genetically modified potatoes changed the bacterial communities in 
soil. Although admitting the findings do not indicate whether the observed alterations will be 
detrimental to future plantings on the site, it is recommended that GM crops should be removed from 
field planting until the changes are evaluated. It is already known that subtle changes in microbial 
ecology can have devastating long-term effects on soil fertility, the availability of nutrients, and even on 
the promotion of pathogens such as nematodes, fungi, and harmful bacteriaE.  
                                                 
D Source: Le Devoir, Dec. 18, 2001, Page 1, ‘Pollution par les OGM dans le fleuve Saint-Laurent: La toxine du maïs 
transgénique Bt a contaminé les sédiments fluviaux,’ by Pauline Gravel. 
 
E Source: ‘Use of the T-RFLP technique to assess spatial and temporal changes in the bacterial community structure within 
an agricultural soil planted with transgenic and non-transgenic potato plants,’ by Thomas Lukow, Peter F. Dunfield, and 
Werner Liesack, FEMS Microbiology Ecology, Vol. 32 (3), pages 241-247 (2000). 
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 The effect of toxin depends on three important factors; the characteristics of the gene 
transferred into the crops, the soil properties and the stability of the ecosystem. Soil scientists argue 
that the ecological effects of transgenic crops on the soil ecosystem, with the help of different 
molecular techniques, need to be evaluated and assessed fully before they are cultivated over extensive 
areas. 
Golden Rice analysis: 
 Golden Rice, though a crop genetically engineered for improved nutritional quality, is a 
controversial issue. This crop is supported by the scientific community, the industry, the Consultative 
Group on International Agricultural Research (CGIAR), the Food and Agriculture Organization of the 
United Nations (FAO), the World Health Organization (WHO) due to its nutritional quality and that it 
is an excellent example of how GE of plants can be of direct benefit to the consumer, especially the 
poor and the disadvantaged in developing countries. Conversely, the opponents of GMOs strongly 
oppose it. They are concerned that the Golden Rice will act as a Trojan Horse and will open the doors 
of the developing countries to further accept products of GE technology. 
 
GE Techniques do not have any impact on the environment: 
 The widespread use of transgenic crops poses various potential risks, as mentioned in the 
report, from an ecological point of view. It is important to notice that it is not the molecular techniques 
that might lead to environmental problems, but rather the phenotypic traits that result from the use of 
recombinant DNA. The various concerns that are raised vary depending on the type of trait that is 
transferred into a particular crop. It also depends on whether the transgenic organism with a new trait 
can hybridize with wild relatives.  
 
Interdisciplinary Approach: 
In order to understand the potential long-term impacts on the environment, there is a 
need to apply an interdisciplinary approach that encompasses ecological, evolutionary, and agricultural 
sciences. With this novel technology of genetic engineering not all the potential risks have yet been 
identified. The currently incomplete understanding of evolutionary studies in physiology and genetics 
of transgenic crops cannot determine where the consumption of such crops would lead us. There are 
unknown harms on human health and the major concerns are in relation to antibiotic resistance genes 
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that are present in engineered food. Similarly proteins are a source of allergens and all GE crops have 
new proteins that have never been utilized before. There is evidence that no major human health 
problems have emerged in connection with genetically modified food crops. But their future still 
remains to be known. 
 
International Support for TCs: 
 There is international support for cultivation of GM crops. Many international 
organizations including Food and Agriculture Organization (FAO) of the United Nations, European 
Commission (in the 1990s), The Third World Academy of Sciences and the national academies of 
science and technology of several countries have declared transgenics to be safe to the environment. 
 
Alternatives to GE: 
 Opponents of GE technology insist that there are practices that can be considered as 
alternatives to GE. Crops have been introduced with traits of herbicide and insect resistance. These 
traits have been introduced with the goals that include reducing dependence on pesticides and 
herbicides. In conventional farming methods there are clearly alternatives to many biotechnology 
products. A good example is crop rotation that keeps pests under control and deprives them of the 
continuous food supply they need to build up large populations in crop fields. The fact remains the 
same that since in crop rotation no products are involved but processes, it is not seen as a profitable 
source in agricultural biotechnology business. 
 Resistance to Bt could emerge in the European corn borer, it is designed to kill. If this 
happens, not only would the effectiveness of the GM crop be compromised but also the use of Bt as an 
insecticidal spray in organic and other farming systems. In the USA, management plans have been 
introduced in an attempt to slow the emergence of resistance which include refuges on which Bt crops 
are not grown to allow a susceptible population to remain. The European Commission is developing 
some monitoring plans but there are no plans for refuges comparable to the USA’s approach. This 
would result in the loss of Bt-corn and Bt insecticides as management tools. A key element of 
preserving the long-term effectiveness of the Bt technology rests on delaying the development of ECB 
resistance through the use of resistance management plans. Successful management maintains 
resistance alleles at low frequencies, so resistant pests stay below economic injury levels and product 
utility is maintained (Andow and Hutchison, 1998).  
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Nitrogen fixation in corn, wheat, rice, and other crops 
 One of the ultimate aims of genetic engineering is to develop cereals able to provide their 
own nitrogen by bacterial symbiosis, as do leguminous plants (Pimentel et al. 1989). If this goal were 
achieved, it would reduce the large amount of energy used to produce and apply nitrogen fertilizers and 
would also reduce the costs of production. 
 
Development of perennial grain crops 
 Currently, the major cereal crops of the world are annuals. By converting annual grains to 
perennial grains via GE would reduce tillage and erosion and conserve water and nutrients (Jackson 
1991). Such crops would decrease labour costs and, overall, improve the sustainability of agriculture. 
Energy efficiency in the cultivation of perennial cereal crops would be greatly superior to annual crops 
(Jackson 1991) 
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6.2 ANALYSIS FOR REGULATION 
 
 The EU policy on TCs has been quite restrictive. One point important in the analysis of 
the EU regulation is that this stringent adopted stance on TCs is not because of the science based facts 
(which are fundamentally the same), but it is due to the social values and political conditions for 
agriculture. The EU has adopted the precautionary approach under which TCs can be approved for 
commercialization only if there is sufficient evidence that they do not cause harm to the environment 
or human health. Unfortunately, the fewer amounts of empirical data available for the determination of 
environmental impacts of TCs have hindered the policies and regulations. If environmental concerns 
are to be properly addressed in the regulatory process, then greater roles for ecological and 
environmental scientists are required.  
The regulatory process in the EU had some loopholes but the amendments to The 
Directive and developments in policies, planning and regulation has tightened the rules according to the 
demand of member states. The de facto moratorium has played a pivotal role in the streamlining of 
regulation of transgenic crops in the EU. In the regulatory process, an aspect that demerits the 
authenticity to assess the environmental impacts is that scientists and policymakers in relevant agencies 
conduct the risk assessments themselves and for such risk assessments, the companies seeking 
approvals provide information. 
As for public participation and public debate is concerned regarding introduction of 
transgenic crops in the EU again, there are highly polarized divisions between pro- and anti-
biotechnology groups. In such debates, the existing state of knowledge is frequently overlooked. Public 
opinion across EU is sceptical about GMCs and there is strong support for labelling them and more 
comprehensive regulation and monitoring.  
It is important to know to what extent the environmental impacts of transgenics, in 
addition to other developments/factors, led to the implementation of a stringent policy in the recent 
years, in light of the precautionary principle, on transgenic crops in the EU? The implemented form of 
this stringent policy is the 2001 Directive and the following amendments to it. I maintain that one of 
the several reasons for a safety approach and stringent policy is that regulation, policy and planning are 
directly proportional to the accepted results of empirical data of scientific experiments. These results 
pave way for regulation or in other words these results influence policy making of such new 
technologies. For instance, two major studies on Bt maize, one by Losey in 1999 and one by Obrycki in 
2000, on Monarch butterfly (that has also been mentioned in the project thesis earlier) had led to such 
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stringent regulations for the safety approach. Other influencing factors in this regard are social and 
political dimensions of the EU for the use of TCs. 
 Hence, accepted results of scientific experiments and socio-political factors are the two 
major causes for implementing the precautionary principle in the EU. The precautionary principle 
adopted by the EU has been taken into consideration for the safety of the environment in two ways: 
a) The directive, which is the source of regulation. It has various articles in three divisions that pertain 
to the TCs. And secondly, 
b) The methods by which member states have taken into consideration the precautionary principle for 
the safety of the environment. For example, a de facto moratorium was introduced to prevent the 
commercialization of TCs. 
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CHAPTER 7 
 
CONCLUSION 
 
The environmental impacts of TCs depend on the following three major variables: 
a) Characteristics of the TC, 
b) The environmental system in which the crops is planted, and 
c) The management practices associated with it. 
Hence, the impacts of TCs on the environment are determined by the nature of the crop, 
where it is planted and how it is managed. Therefore, both beneficial and detrimental impacts can be 
expected from TCs. Additionally, the regulation of a policy and implementation of the precautionary 
principle shapes the environmental impacts of TCs.  
In light of the review and study in this project thesis, TCs have many possible effects on 
the environment. They are both beneficial and detrimental as studies earlier. Some of the Potential 
environmental benefits of TCs include: 
• Use of fewer, less toxic, or less persistent pesticides, 
• Increased crop yields, 
• Decreased water use, 
• Reduced soil tillage, etc 
 
However, potential risks are also associated with e.g.: 
• Uncontrolled gene flows to wild relatives, 
• Development of herbicide, insect, and virus resistance in wild relatives, 
• Reduced crop genetic diversity, 
• Adverse effects on non targets, etc 
 
 The study and analysis of the ecological impacts of GE crops is a complex issue involving 
different factors and a case-by-case evaluation of crops is necessary. There are many unanswered 
ecological questions pertaining to potential environmental impacts of transgenics and the available 
evidence envisages that the proposed impacts can be seen in the future on a larger scale. Risk is 
everywhere but it can be managed. 
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 The use of transgenic crops has been promoted as safer for humans and the environment 
than use of broad-spectrum insecticides. One should not forget that the currently available alternative 
to TCs is often much more harmful to the environment e.g. the indiscriminate spraying of broad-
spectrum insecticides that kills all insects, regardless of whether they are beneficial or harmful to the 
crop. 
 Biotechnology may someday be considered a safe agricultural tool but that day cannot be 
seen in the near future due to the detrimental impacts observed. Simply generalizing and declaring 
whether GM food is good or bad overshadows the real complexities of the issue. So the question arises, 
how can the overall situation be improved? There are several ways but a collective effort is required: 
a) For the constructive evaluation of GM food, there is a need for some breathing space, 
b) More research needs to be conducted on the environmental impacts, 
c) Public debate is essential as a confidence building measure 
d) It should be acknowledged that uncertainty will remain for a long period 
e) Risks will be associated with commercialization of TCs 
 Currently, the benefits of plant biotechnology on the environment outweigh the 
hypothetical/potential risks. As a result of this, scientists continue to look for new ways to use this 
technology.  
 
In my opinion there is a need to: 
1) Implement a more comprehensive approach in regulation of transgenic crops, in light of the 
available scientific data. This approach should consider the ecological complexity of agro-ecosystems. 
2) Maintain the Precautionary Principle in view of our past experience to early warnings of new 
technologies. The same mistakes should not be repeated again. It should not take again a hundred years 
to regulate a technology after first it has been used.  
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